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1. 


INTRODUCTION 


1.0.1  Program  Description 

The  solid  rocket  motor  weight  estimation  models  presented  within  this 
volume,  combined  with  a general  purpose  optimization  scheme  (Vol.  IV)  and 
trajectory  simulation  capability  (Vol.  Ill),  form  a generalized  vehicle  sizing 
program  for  solid  rockets.  The  program,  normally  utilized  in  preliminary 
design  level  studies,  estimates  performance  sensitive  component  weights 
which  will  determine  a propulsion  system  configuration  consistent  with 
realistic  vehicle  geometry,  performance  and  mission  constraints.  Specifically, 
it  sizes  each  major  rocket  component,  bases  weight  predictions  on  past  and 
present  experience,  recognizes  actual  hardware  and  system  constraints,  and 
permit  the  inclusion  of  technology  changes.  It  is  valid  for  propulsion  system 
weights  between  3000  and  2,000,000  lbs.  and  does  not  require  the  generation 
of  reference  designs  prior  to  generating  results.  It  should  be  noted  that  the 
program  does  not  replace  the  design,  weight,  and  performance  processes 
associated  with  hard  point  design  studies.  However,  it  has  proven  a valuable 
tool  when  sufficient  data,  funding , or  time  is  not  available  for  such  a design 
effort. 


3 


1.0.2  Program  Applications 

The  propulsion  system  configuration  generated  by  this  program  has  served 
as  a reference  vehicle  design  for: 

• booster  subsystem  trcde-off  studies; 

• preliminary  design  of  major  new  missile  weapon 
and  space  system  concepts; 

• growth  studies  of  existing  boost  and  post-boost  vehicles; 


c 

K 

a 
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• determining  the  effects  of  advanced  propellent  technology  5 

on  missiJ  systems;  4 

• determining  effects  of  new  launch  concepts  on  missile  systems.  j 
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1.  1 SUMMARY  OF  WEIGHT  ESTIMATION  METHODOLOGY 


This  section  summarizes  the  principal  methods  used  for  derivation  of 
the  weight  prediction  equaticns  and  gives  some  general  comments  on 
the  accuracy  to  be  expected.  For  a detailed  exposition  of  the  methodology 
for  specific  applications,  and  the  .derivation  of  many  of  the  weight  prediction 
equations  used,  see  reference  8.  1 


There  are  three  principal  methods  of  weight  analysis  associated  with  the 
development  of  the  weight  estimation  models  within  this  volume.  The  first 
two  listed  below,  actual  and  hard  point  design,  served  as  the  data  base  for  the 
development  of  the  weight  scaling  equations  used  by  this  program. 


1.  Actual  weight  analysis --determination  of  the  measurements 
and  weights  of  existing  rockets. 

2.  Hard  point  design  analysis--development  of  detailed 
mathematical  models  of  the  geometry  and  physics  of  a 
specific  proposed  rocket  system. 


3.  Preliminary  design  analysis  using  weight  scaling --develop- 
ment of  simple  mathematical  models  using  weight  scaling 
equations  derived  by  analysis  of  the  physical  and  statistical 
properties  of  existing  rockets.  The  resulting  design,  using 
estimated  weights,  serves  as  a reference  vehicle  which 
may  require  further  perturbation  for  analysis  of  a specific 
rocket  system.  The  primary  scaling  methods  used  are: 

• theoretical  weight  scaling 


• statistical  weight  scaling 

• parametric  weight  scaling 


1.  1.  1 Theoretical  Weight  Scaling 

Theoretical  weight  scaling  equations  are  developed  by  generating  a simple 
mathematical  model  ol  the  physics  and  geometry,  which  includes  only 
elements  common  to  a wide  range  of  rockets. 

The  scaling  equation  is  an  analytical  equation  expressed  in  terms  of  design 
parameters  which  are  either  performance  sensitive  or  basic  quantities  of 
the  subsystem  being  modeled. 


1.  Kimble,  J.  E.  "Parametric  Weight  Scaling  Equations  for  Solid 
Propellent  Launch  Vehicles,"  TR -669(6560)-2,  The  Aerospace 
Corp.  , El  Segundo,  Calif.,  April  1966  (U). 
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The  principal  advantage  of  theoretical  scaling  is  that  the  analytical  approach 
assists  in  determining  the  significant  design  parameters  and,  since  the 
fundamental  physics  and  geometry  are  being  modeled,  weight  trends  due  to 
design  parameter  perturbations  can  be  predicted  with  confidence.  However, 
due  to  the  simple  universal  models  employed,  the  absolute  weights  predicted 
may  be  considerably  different  than  the  actual  subsystem  weight. 

The  principal  steps  in  developing  a theoretical  weight  scaling  model  are: 

1.  Collect  data.  The  data  may  include  weights  and  design 
parameters  of  both  existing  rockets  and  hard  point  designs, 

2.  Derive  a theoretical  equation  for  the  weight  of  the  subsystem 
using  physical  properties.  Select  significant  design  parameters 
and  re-express  the  weight  equation  as  a function  of  these 
design  parameters. 

3.  Compare  the  theoretical  equation  results  with  the  data. 

4.  Repeat  steps  2 and  3 until  the  comparison  is  satisfactory. 
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1.  1.  2 Statistical  Weight  Scaling 

Statistical  weight  scaling  equations  are  developed  by  generating  a mathematical 
model  using  statistical  analysis  of  existing  rockets. 

The  scaling  equation  and  scaling  parameters  are  both  statistical  in  nature, 
chosen  to  give  a "best  fit"  to  the  data. 

When  compared  with  the  data  from  which  they  are  derived,  statistical  equations 
yield  better  estimates  of  absolute  component  weights  than  the  theoretical 
scaling  equations  described  above.  Further,  for  complex  subsystems  where 
a simple  theoretical  model  may  not  be  feasible,  statistical  scaling  may  be 
required.  However,  since  both  the  equation  and  parameters  do  not  reflect 
the  physics  of  the  subsystems  being  modeled,  weight  trends  due  to  perturba- 
tion of  design  parameters  cannot  be  predicted  with  confidence. 

The  principal  steps  in  developing  a statistical  weight  scaling  model  are: 

1.  Collect  data.  The  data  may  include  weights  and  design 
parameters  of  both  existing  rockets  and  hard  point  designs. 

2,  Determine  both  the  form  of  the  weight  estimation  function 

and  the  statistical  parameters  by  analysis  of  the  mathematical 
properties  of  the  data. 
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3.  Determine  coefficient  and  exponent  values  which  result  in 
a "best  fit"  curve. 

4.  Perform  correlation  analysis. 

5.  Repeat  steps  2 through  4 until  errors  are  acceptable. 


I 


3. 

1 


I 


1.1.3  Parametric  Weight  Scaling 

Parametric  weight  scaling  equations  are  developed  by  generating  a mathematical 
model  which  combines  both  statistical  weight  scaling  and  theoretical  weight 
scaling  techniques. 

The  scaling  equation  is  statistical  in  form,  using  elements  of  the  theoretical 
equation  as  statistical  parameters.  As  with  theoretical  weight  scaling, 
design  parameters  are  either  performance  sensitive  or  basic  quantities  of 
the  subsystem  being  modeled. 

Parametric  weight  scaling  attempts  to  combine  the  advantages  of  both 
theoretical  and  statistical  scaling  methods.  The  analytical  approach  yields 
insight  into  selection  of  significant  design  parameters  and  is  a basis  for  good 
weight  trend  predictions,  whereas  the  statistical  fitting  yields  realistic 
absolute  weights  by  accounting  for  weight  contributions  not  predicted  by  the 
theoretical  equation.  Whenever  possible,  the  weight  models  documented 
within  this  volume  use  parametric  weight  scaling  for  predicting  rocket 
component  weights. 


i 

i 


i 


The  principal  steps  in  developing  a parametric  weight  scaling  model  are: 

1.  Collect  data.  The  data  may  include  weights  and  design 

parameters  of  both  existing  rockets  and  hard  point  designs. 
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2.  Derive  a theoretical  equation  for  the  weight  of  the  subsystem 
using  physical  properties.  Select  significant  design  parameters 
and  re-express  the  weight  equation  as  a function  of  these  design 
parameters. 


3.  Compare  the  theoretical  equation  results  with  the  data.  i < 

Particular  emphasis  is  placed  on  weight  trend  results  since  j j 

the  statistical  fitting  in  the  following  steps  will  account  for  ) \ 

bias  in  the  absolute  weights  predicted,  1 

i ; 

4.  Repeat  steps  2 and  3 until  the  comparison  is  satisfactory.  j 

| j 

5.  Determine  the  form  of  the  weight  estimation  function  to  be  j 

used  for  the  statistical  analysis.  Rearrange  the  theoretical 

equation  such  that  the  elements  serve  as  statistical  parameters.  ^ 


i 
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6.  Determine  coefficient  and  exponent  values  which  result  in 
a "best  fit"  curve. 

7.  Perform  correlation  analysis. 

8.  Repeat  steps  2 through  7 until  errors  are  acceptable. 


1,  1,  4 Accuracy  of  Weight  Scaling  Results 

For  studies  coordinated  with  competent  weight  prediction  personnel,  the 
following  general  statements  may  be  made  for  the  accuracy  of  the  results 
using  the  weight  estimation  models  presented  within  this  volume. 

1.  Weight  predictions  do  not  include  the  effects  of  design 
philosophy,  program  funding,  or  technological  advances 
difficult  to  evaluate  or  forecast. 

2.  The  subsystems  can  be  manufactured  with  the  predicted  weight. 

3.  Weight  trends  resulting  from  design  parameter  perturbations 
can  be  predicted  with  higher  confidence  than  absolute  weights, 

W'eights  of  complex  subsystems  will  have  reduced  accuracy. 

4.  The  stage  structure  factor  (ratio  of  stage  burnout  weight  to  > • 

stage  gross  weight)  will  be  within  15%, 

5.  Statistical  weight  scaling  models  cannot  be  u ed  for  subsystem 
tradeoff  studies. 

6.  The  geometrical  configuration  produced  is  of  secondary 
importance  and  requires  considerable  interpretation  for 
correlation  with  geometrical  configurations  produced  by  a 
"hard  point  design"  analysis. 
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1.  2 USE  OF  GTS  FUNCTION  GENERATORS  TO  SOLVE  THE 
SIZING  PROBLEM 

Two  principal  comoonents  of  the  GTS  Bystem  are  a "model  library"  and  a 
set  of  "program  control  executive  models"  {referred  to  as  "function 
generators"),  which  select  and  control  the  execution  of  the  subset  of  library 
models  required  for  solution  of  a particular  problem.  Specifically,  three 
subsets  of  the  model  library  are  pertinent  for  sizing  applications;  optimization 
numerical  operator  models  (which  are  documented  in  Volume  IV),  weight 
estimation  models  (which  are  documented  within  this  volume),  and  trajectory 
simulation  models  (which  are  documented  in  Volume  HI).  In  addition,  to 
control  these  models,  three  function  generators  are  required:  OPTS  VS,  for 
control  of  the  optimization  numerical  operator  models;  SIZE,  for  control 
of  the  weight  estimation  models;  and  TRAJCEM,  for  control  of  the  trajectory 
simulation  models. 

This  section  will  illustrate  the  general  techniques  utilized  for  solving  sizing 
problems  using  the  appropriate  function  generators  and  models.  For  specific 
model  requirements,  refer  to  the  pertinent  GTS  volume,  and  for  a detailed 
discussion  of  the  input  language,  including  the  precise  method  and  syntax 
required  to  implement  the  function  generators  and  models,  see  Volume  II. 


1,  2,  1 Statement  of  the  Sizing  Problem 

In  general,  the  sizing  problem  is  to  estimate  the  "best"  rocket  weight 
breakdown  which  will  result  in  a propulsion  system  configuration  which  is 
consistent  with  realistic  vehicle  geometry,  performance,  and  mission 
constraints. 

The  problem  may  be  stated  as  three  distinct,  but  not  normally  independent, 
subproblems: 

1.  The  optimization  subproblem.  Determine  the  variable  values 
which  extremize  the  objective  function  subject  to  a set  of 
equality  and  inequality  constraints  or  determine  the  values  of 
N variables  which  satisfy  N equality  constraints. 

2.  The  weight  estimation  subproblern.  Given  a set  of  variable 
values,  determine  the  vehicle  geometry,  propulsion,  and 
weights. 

3.  The  trajectory  simulation  subproblem.  Given  a set  of  variable 
values  and  vehicle  parameters,  determine  the  trajectory  profile. 
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It  must  be  noted  that  this  problem  statement  completely  separates  the 
determination  of  variable  values,  constraint  solving,  and  objective  function 
maximization  or  minimization  from  the  evaluation  of  the  venicle  and  trajectory 
quantities.  This  is  not  only  required  for  a valid  solution  to  the  theoretical 
problem,  it  wilt  be  shown  within  the  following  sections  that  this  method  of 
breaking  down  the  problem  renders  itself  to  natural,  flexible,  and  efficient 
methods  of  solution  using  GTS  function  generators  and  GTS  models. 

1.  2.  2 Pertinent  Function  Generators 


A GTS  function  generator  is  the  principal  executive  subprogram  which  controls 
the  execution  of  the  set  of  models  required  to  solve  a class  of  problems.  The 
function  generator  will,  in  turn,  call  a lower  level  executive  model  (usually 
via  a "definition"  model  type)  to  solve  a specific  problem  within  the  class. 

That  is,  a function  generator  is  used  to  solve  a particular  type  of  problem. 

A problem,  which  has  been  partitioned  into  distinct,  functional,  subproblems, 
may'  be  solved  by  linking  function  generators,  each  type  of  subproblem 
solved  by  a specific  function  generator. 

The  pertinent  function  generators  for  sizing  applications  are  OPTSYS, 

SIZE,  and  TRAJCEM. 

OPTSYS  - Optimization  System  Program  Control  Executive  Model. 

For  sizing  applications,  OPTSYS  normally  executes  UOPTIM  or  UBEST 
(or  USCHN  for  special  problem  applications  involving  only  trajectory 
quantities)  via  the  optimization  problem  definition  model  type  PROBDEF, 

Both  UOPTIM  and  UBEST  are  general  purpose  optimization  schemes  designed 
for  solving  problems  incorporating  an  objective  function  and  a very  large 
number  of  variables,  equality  constraints  and  inequality  constraints. 

USCHN  is  a special  purpose  optimization  scheme  designed  for  efficiently 
solving  search  problems  by  satisfying  equality  constraints. 

SIZE  - Weight  Estimation  Program  Control  Executive  Model. 

For  the  current  set  of  available  weight  estimation  models,  SIZE  executes 
VHDM1,  a vehicle  definition  model  which  controls  the  evaluation  of  the 
geometry,  propulsion,  and  weight  equations  for  a sequentially  staged  vehicle. 

TRAJCEM  - Trajectory  Program  Control  Executive  Model. 

TRAJCEM  executes  TRJDM1,  the  trajectory  definition  model  which  controls 
the  trajectory  simulation.  (TRJDM1  is  a default  model  and  is  normally  not 
of  concern  to  the  program  user.  ) 
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1.  2.  3 Interaction  of  Function  Generators 


A 8 mentioned  above,  the  sizing  problem  may  be  set  up  as  three  distinct  (but 
dependent)  subproblems,  each  subproblem  solved  by  a particular  function 
generator  (i.  e.  , OPTSYS  is  responsible  for  determining  variable  values, 
solving  constraints,  etc.  , SIZE  is  responsible  for  evaluating  the  weight 
estimation  equations,  and  TRAJCEM  is  responsible  for  evaluating  the 
trajectory  equations).  To  solve  the  real  problem,  the  function  generators 
must  be  linked  together  by  the  program  user  in  a manner  which  insures  that 
the  major  dependencies  are  satisfied  correctly.  For  example,  generally, 
a valid  optimization  problem  may  have  only  a single  objective  function.  If  a 
multi-case  setup  is  being  utilized  where  the  vehicle  parameters  are  optimized 
within  the  first  case  by  extremizing  a part'  Mar  objective  function,  then  the 
resulting  vehicle  is  flown  in  the  second  case  extremizing  a second  objective 
function,  it  is  the  responsibility  of  the  program  user  to  insure  that  the  "two" 
optimization  problems  are  not  dependent. 

Due  to  the  nature  of  the  sizing  problem,  the  engineering  design  cycle  for  an 
application  will  frequently  involve  repeated  computer  runs  using  alternate 
function  generator  linkages.  The  repeated  runs  may  be  required  to  investigate 
a specific  subsystem  prior  to  sizing  the  total  vehicle  and  mission,  the 
alternate  linkages  may  be  required  for  the  initial  subsystem  analysis  cr  to 
minimize  computer  charges.  The  latter  becomes  especially  important  for 
applications  where  many  vehicles  are  being  sized.  This  section  will  illustrate 
the  various  function  genera'or  linkages  useful  for  sizing  applications. 

1.  Evaluate  Vehicle  Configuration  and  Simulate  Trajectory 
(no  optimization). 

Figure  1 illustrates  two  examples  where  SIZE  and  TRAJCEM  are  used  in 
a "stand  alone"  mode  without  optimization.  The  first  example  illustrated  is 
a two  case  job.  The  first  case  executes  SIZE  directly,  which  in  turn  calls 
a vehicle  definition  model  (e.  g.  , VHDMl)  to  evaluate  the  vehicle  geometry, 
weight  and  propulsion  quantities.  The  second  case,  which  is  optional,  executes 
TRAJCEM,  which  simulates  the  trajectory  using  the  vehicle  parameters 
determined  in  case  I.  The  second  example  illustrated  is  a single  case  job. 
TRAJCEM  is  executed  directly  and  SIZE  is  executed  from  a trajectory 
initialization  model  type  when  vehicle  parameters  are  required  as  input  to 
the  trajectory  models. 

Since  there  is  no  optimization  and  associated  constraint  solving,  the 
above  function  generator  linkages  are  not  frequently  used.  The  program  user 
must  furnish  input  data  values  which  will  satisfy  the  vehicle  geometry 
constraints.  Generally,  these  values,  especially  for  the  grain  geometry, 
are  not  known  apriori. 
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2.  Optimize  Vehicle  Configuration,  Then  Optimize  Trajectory. 

Figure  2 illustrates  a two  case  setup  which  optimizes  the  vehicle  configuration 
and  trajectory  separately.  The  first  case  executes  OPTSYS  which  estimates 
vehicle  variable  values  and,  when  a function  evaluation  is  required  for 
constraint  solving  or  extremlzing  the  objective  function,  calls  SIZE.  After 
the  vehicle  optimization  problem  is  solved,  the  second  case  is  executed 
if  desired.  OPTSYS  estimates  variable  values  and,  when  a function  evaluation 
is  required,  TRAJCEM  uses  the  optimization  determined  trajectory  variable 
values,  together  with  the  vehicle  parameters  determined  within  the  first  case 
to  simulate  the  trajectory. 

In  practice,  this  function  generator  setup  is  used  frequently.  However,  since 
the  "two"  optimization  problems  solved  may  not  be  independent,  it  must  be 
used  with  extreme  caution.  The  solution  should  be  verified  by  rerunning  the 
final  job  with  the  function  generator  setup  illustrated  in  Figure  3 and  described 
below. 

3.  Optimize  Vehicle  Configuration  and  Trajectory. 

Figure  3 illustrates  a single  case  function  generator  setup  which  optimizes 
the  combined  vehicle  configuration  and  trajectory.  OPTSYS  estimates 
vehicle  and  trajectory  variables  and,  when  a function  evaluation  is  required, 
TRAJCEM  is  executed  from  OPTSYS.  TRAJCEM  in  turn  calls  SIZE  out  of 
a trajectory  initialization  model  type  when  vehicle  data  is  required. 

Since  the  optimization  dependencies  are  always  valid,  this  is  the  preferred 
setup  for  sizing  applications.  No  distinction  is  made  between  vehicle  and 
trajectory  quantities  since  both  sets  of  equations  are  evaluated  simultaneously 
with  respect  to  the  optimization.  The  only  disadvantage  is  that  for  some 
problems,  many  trajectories  will  be  needlessly  generated  for  solving  the  set 
of  vehicle  constraints  which  are  independent  of  the  trajectory.  Normally,  it 
is  not  recommended  that  the  user  attempt  to  determine  dependencies  of  this 
nature  and  economize  by  splitting  the  optimization  problem  into  two  parts.  The 
dependencies  are  very  subtle  and  results  are  usually  not  valid.  However, 
some  important,  frequently  used,  basic  sizing  applications  may  be  formulated 
such  that  the  vehicle  optimization  problem  is  independent  of  the  trajectory 
optimization  problem. 
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Case  I 


Example  1 
EXECUTE  SIZE 

Evaluate  vehicle  weight, 
geometry,  and  propulsion 
equations. 


EXECUTE  TRAJCEM 

Simulate  trajectory  using 
Case  II  stage  weights,  thrust,  etc.  , 
(Optional)  determined  in  Case  1,  as 

input  data  to  the  trajectory 
models. 


Case  I 


Example  2 


1.2.  3-1  Typical  Function  Generator  Interaction.  Determine 
Vehicle  Configuration  and  Simulate  Trajectory. 

(No  Optimization) 
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Case  I 


Case  II 
(Optional) 


Fig.  1.  2.  3-2  Typical  Function  Generator  Interaction.  Optimize 
Vehicle  Configuration,  Then  Optimize  Trajectory. 
(Optimization  Problems  Must  Be  Uncoupled.  ) 


1-12 


SI 

F 


> • 
t - 

i - 

i, 


t 


1;  3 


Case  I 


Fig,  1.  2.  3-3 


Typical  Function  Generator  Interaction.  Optimize 
System  by  Combining  Vehicle  and  Trajectory. 
/Optimization  Problem  May  Have  Interdependent 


1.  3 CLASSIFICATION  AND  PURPOSE  OF  WEIGHT  ESTIMATION  MODELS. 

The  weight  estimation  models  within  this  volume  are  organized  functionally 
into  three  major  classifications: 

vehicle  definition  models 
weight  models 

geometry,  internal  ballistics,  and  oropulsion  models 

Except  for  the  vehicle  definition  models,  which  are  pret-ented  first,  the 
individual  model  writeups  are  ordered  alphabetically  *ithir  this  document 
starting  with  Section  10. 

1.3.  1 Vehicle  Definition  Models 


The  vehicle  definition  model  is  an  executive  model  ( called  by  the  SIZE  function 
generator)  which  controls  the  execution  of  the  individual  models  required  to 
evaluate  a specific  application.  The  documentation  for  each  vehicle  definition 
model  (Section  10)  lists  the  applicable  model  types  and  serves  as  a guide  for 
selecting  models  when  setting  up  a new  data  deck. 

1.3.2  Weight  Models 

There  aro  two  types  of  weight  models --scaling  models  and  synthesis  models. 

Scaling  models  predict  subsystem  weights  using  weight  scaling  equations  which 
are  a functioi  of  design  parameters  selected  when  the  weight  scaling  equations 
were  developevk  Whenever  possible,  parametric  weight  scaling  is  utilized. 
However,  because  of  subsystem  complexity,  insufficient  data,  etc.  , statistical 
weight  scaling  ani  theoretical  weight  scaling  are  used  for  some  component 
weights.  Typical  Oesign  parameters  include: 

length  to  dia.neter  ratios 
volumetric  loading  efficiency 
propellent  weight 
L'urn  time 

no.'.zle  expansion  ratk' 
chamber  pressure 
specific  impulse 


Preceding  page  blank 
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Synthesis  models  are  used  to  combine  subsystem  weights,  evaluated  by 
scaling  models  or  other  synthesis  models,  to  form  composite  subsystems. 


In  addition  to  component  weights  peculiar  to  the  subsystem  being  modeled, 
each  weight  model  outputs  a general  expended  component  weight  breakdown 
(for  performance  evaluation)  of  the  following  form: 


W = \V 


PP 


WX  + 


w 


NX 


w = w + w 

X XI  XT 


whe  re 


W is  the  total  subsystem  weight. 

Wpp  is  the  primary  propellent  weight  component  associated 

with  the  subsystem. 

is  the  total  expended  weight  component  associated  with 
the  subsystem. 

^NX  *s  t*ie  tota^  non-expended  weight  component  associated 

with  the  subsystem. 

is  the  expended  (non-thrust  producing)  weight  component 
associated  with  W . 

A 

W is  the  expended  (thrust  producing)  weight  component 

associated  with  W . 

.A 


1.3.3  Geometry,  Internal  Ballistic  and  Propulsion  Models 


The  SOLE  purpose  of  the  geometry,  internal  ballistic,  and  weight  models 
is  to  determine  the  design  parameter  values  required  by  the  weight  scaling 
models.  Note  that  what  constitutes  a "design  parameter"  is  specified  by  the 
weight  model,  NOT  the  geometry,  internal  ballistics  or  propulsion  model. 

The  geometrical  configuration  produced  is  of  secondary  importance  and 
requires  considerable  interpretation  for  correlation  with  geometrical 
configurations  produced  by  a "hard  point  design"  analysis. 
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2.  nomenclature  CONVENTIONS 

The  following  conventions  have  been  established  to  facilitate  symbol 
identification  within  the  weight  estimation  models.  It  must  be  emphasized 
that  these  are  conventions,  not  rigid  rules,  and  that  exceptions  will  occur. 

Except  for  ratios  and  factors: 


the  symbol 


SXXX 


corresponds  to  the  mnemonic  PSSXXX 


where 


P designates  the  primary  attribute  of  the  quantity 

SS  designates  the  secondary  attribute  of  the  quantity 

XXX  designates  an  identifier  which  makes  the  quantity 
unique  (up  to  three  characters) 


For  ratios: 


the  symbol 


PPSSSS 


corresponds  to  the  mnemonic  RPPSSSS 


where 


the  first  P 


the  second  P 


the  first  SS 


For  factors: 


designates  ■?  /atio  quantity 

designates  the  numerator  primary  attribute 

designates  the  denominator  primary  attribute 
(if  different  irom  first  P) 

designates  the  numerator  secondary  attribute 


the  second  SS  designates  the  denominator  secondary  attribute 
(if  different  from  first  SS) 


the  symbol 


k PSSXXX 


corresponds  to  the  mnemonic  KPSSXXX 
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where 


K designates  a factor  quantity 

PSSXXX  designates  the  left  hand  member  of  the  equation 
containing  the  factor 


Examples  of  primary  attributes  are: 


P = 


A 

B 

C 

D 

I 

K 

L 

N 

P 

Q 

R 

S 

T 

V 
W 

Y 


2 

Plane  area  (in  ) 

Burn  rate  (in/sec) 

Constant  (N.  D.  ) 

Diameter  (in) 

Impulse 

Factor,  coefficient  or  bias 

Length  (measured  parallel  to  centerline)  (in) 
Number  of  (N.  D.  ) 

Pressure  (psia) 

Associative  quantity 
Ratio  (N.  D.  ) ^ 

Surface  area  (in'1) 

Thickness  (in),  time  (sec),  temperature 
Volume  (in^) 

Weight  (lb) 

Centroid  (in) 


Examples  of  secondary  attributes  are: 


SS 


CH  Chamber 

CS  Case 

GN  Grain 

IN  Insulation 

IT  Interstage 

JT  Joint 

MT  Motor 

NZ  Nozzle 

PA  Payload 

PL  Payload  section 

PP  Primary  propellent 

PS  Propulsion  system 

PT  Port 

SC>  Stage 

SH  Shroud 

SK  Skirt 

SL  Slot 

SS  Substage 

ST  Structure 

TH  Throat 

TT  Thrust  termination 

TV  Thrust  vector 


Examples  of  identifiers  which  make  a quantity  unique 


XXX 


A 

F 

CL  or  C 
CH 

CY  or  Y 


H 

I 

O 


Aft 

Forward 

Closure 

Closure  hole 

Cylinder 

Hole 

Inside 

Outside 


Some  examples  using  the  conventions: 


DCSO 

DCS0 

Outside  case  diameter 

DCSI 

DCSj 

Inside  case  diameter 

WNZ 

WNZ 

Total  nozzle  weight 

LNZ 

LNZ 

Total  nozzle  length 

LNZCV 

NZCV 

Length  of  convergent  portion  of  nozzle 

LNZDV 

Lnzdv 

Length  of  divergent  portion  of  nozzle 

ANZTH 

AnZTH 

Nozzle  throat  area 

ANZEXT 

nzext 

Nozzle  exit  area 

ANZENT 

nzent 

Nozzle  entrance  area 

DNZTH 

°nzth 

Nozzle  throat  diameter 

DNZEXT 

dMZ 
N EXT 

Nozzle  exit  diameter 

DNZENT 

^NZ 

ENT 

Nozzle  entrance  diameter 

2-3 


Buried  nozzle  length 


LNZB 

KLNZB 

RLDGNCY 


L 

K 

R 


NZB 

LNZB 

LDGNCY 


Buried  nozzle  factor 

Cylindrical  grain  length  to  diameter  ratio 
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VEHDEF 


VEHICLE  DEFINITION 


VHDM1 


10.  1 

MODEL  TYPE:  VEHDEF  (VEHicle  DEFinition) 

MODEL  NAME;  VHDM1  (Sequential  stages  with  payload) 


DESCRIPTION: 

VHDM1  (Vegicle  gefinition  Model  number  \)  is  an  executive  model  which 
defines  a rocket  configuration  consisting  of  a single  propulsion  system 
(i.  e.  . boost  vehicle),  with  sequential  stages,  and  a single  payload  section 
(i.  e. , post-boost  vehicle).  The  rocket  is  comprised  of  the  following  major 
components,  each  of  which  has  a separate  data  block  for  input  of  its  models 
and  associated  data  (see  figure  1). 

The  "vehicle"  is  comprised  of  a single  "propulsion  system" 
and  a single  "payload  section".  The  "vehicle"  data  is  input 
within  the  same  data  block  as  the  vehicle  definition  model. 

In  addition  to  the  vehicle  definition  model  type,  VEHDEF, 
the  following  model  types  are  applicable. 

VEHG  Vehicle  geometry 

VEHW  Vehicle  weight 

The  "propulsion  system"  (i.  e.  , boost  vehicle)  is  comprised 
of  up  to  ten  sequential  '^stages".  Data  is  input  using  the  data 
block  specified  by  DBPS(l)  (see  Intra-Model  Input).  The 
following  model  types  are  applicable. 

PROSYSG  Propulsion  system  geometry 

PROSYSW  Propulsion  system  weight 


A "stage"  is  comprised  of  a single  "substage"  and  a single 
"interstage".  "Stage"  data  is  input  using  the  data  block 
specified  by  DBSG(i),  1 = 1,  10,  where  i is  the  stage  number. 
Stages  are  numbered  consecutively,  from  the  bottom  to  the  top, 
starting  .vith  any  integer  leas  than,  or  equal  to,  10.  The 
following  model  types  are  applicable. 

S T A G F G Stage  geometry 

STAGEW  Stage  weight 
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VEHDEF 


VEHICLE  DEFINITION 


VHDM1 


DESCRIPTION  (Cont.  ): 

A "substage11  is  comprised  of  the  motor  and  nozzle  associated 
with  a "stage".  "Substage"  data  is  input  using  the  data  block 
specified  by  DBSS  (i),  i = 1,  10,  where  i is  the  stage  number. 
The  following  model  types  are  applicable. 


CASEG 

Case  geometry 

CASEW 

Case  weight 

GRAING 

Grain  geometry 

IBGAS 

Internal  ballistics,  gas 

IBFLOW 

Internal  ballistics,  flow 

IBPERF 

Internal  ballistics,  performance 

INS  U LG 

Internal  insulation  geometry 

INSUi-W 

Internal  insulation  weight 

MISCMTW 

Miscellaneous  motor  weight 

MOTOR G 

Motor  geometry 

MOTOR W 

Motor  weight 

NOZZLEG 

Nozzle  geometry 

NOZZLEW 

Nozzle  weight 

PROPELW 

Propellent  weight 

PROPUL 

Propulsion  characteristics 

SUBSTGG 

Substage  geometry 

SUBSTGW 

Substage  weight 

TVCG 

Thrust  vector  control  geometry 

TVCW 

Thrust  vector  control  weight 

TTERMG 

Thrust  termination  geometry 

TTERMW 

Thrust  termination  weight 

An  "interstage"  1s  comprised  of  the  structure  to  join  either 
"substages'1  or  a "substage"  and  the  "payload"  (i.  e.  , payload 
adapter).  The  "interstage"  associated  with  a "stage"  is  on 
top  of  (forward  of)  the  "substage"  associated  with  that  "stage". 
"Interstage"  data  is  input  using  the  data  block  specified  by 
DBIT(i),  i = 1,  10,  The  following  model  types  are  applicable. 
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VEHDEF 


VEHICLE  DEFINITION 


VHDM1 


DESCRIPTION  (Cont.  ): 


INTINSW 

INTSTGG 

INTSTGW 

INTSTRW 


Interstage  external  Insulation  weight 
Interstage  geometry 
Interstage  weight 
Interstage  structure  weight 


The  "payload  section11  (i.  e.  , post-boost  vehicle)  is  comprised 
of  a single  payload!  "Payload  section"  data  is  input  using  the 
data  block  specified  by  DBPL(l).  The  following  model  types 
are  applicable. 

PAYSECG  Payload  section  geometry 

PAYSECW  Payload  section  weight 

SHROUDW  Shroud  weight 

''Payload"  data  is  input  using  the  data  block  specified  by 
DBpA(1).  The  following  model  types  are  applicable. 

PAYLODG  Payload  geometry 

PAYLODW  Payload  weight 
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VEHDEF 


VEHICLE 


10.  1-4 


VHDM1 


PAYLOAD  SECTION 
DBPL  (1) 


V VEHICLE 


.PROPULSION  SYSTEM 
DBPS  (1) 


Data  Block  Designation 
ge  Rocket 


VEKDEF 


VEHICLE  DEFINITION 


VHDM1 


i 

T 


t 


l 


[ 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  directly  to  this  model  by  the  program  user. 


Mnemonic  Symbol 

DBIT(i)  DBIT(i) 


DBPA{J)  DB  PA  { 1 ) 


DBPL(l)  DBPL(l) 


DBPS(l)  DBPS(l) 


Description;  Ext.  (Int.  ) Units 


Name  of  data  block  containing  interstage  data 
for  the  interstage  associated  with  the  i-th 
stage.  1=1'  10  where  i is  the  stage  number. 
The  data  block  name  is  arbitrary  (i.  e.  , user 
defined),  except  that  it  cannot  be  a previously 
mentioned  user-defined  symbol  or  an  existing 
GTS  symbol. 

e.  g.  , DBIT'l)  = flNTSTGlJ  ; 

N.  D. 


Name  of  data  block  containing  payload  data. 
The  data  block  name  is  arbitrary  (i.  e.  , user 
defined),  except  that  it  cannot  be  a previously 
mentioned  user-defined  symbol  or  an  existing 
GTS  symbol. 

e.g.  , DBPA(l)  = [PAYLOD]; 

N.  D. 


Name  of  data  block  containing  payload  section 
(i.  e.  , post-boost  vehicle)  data.  The  data 
block  name  is  arbitrary  (i.  e.  , user  defined), 
except  that  it  cannot  be  a previously  mentioned 
user-defined  symbol  or  an  existing  GTS  symbol. 

e.g.,  DBPL{1)  = [PAYSEC]; 

N.  D. 


Name  of  data  block  containing  propulsion 
system  (i.  e.  , boost  vehicle)  data.  The  data 
block  name  is  arbitrary  (i.  e.  , user  defined), 
except  that  it  cannot  be  a previously  mentioned 
user-defined  symbol  or  an  existing  GTS  symbol. 

e.g.,  DBPS(l)  = [PROSYS]; 

N.  D. 


I t 
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VEHDEF 


VEHICLE  DEFINITION 


VHDM1 


INPUT  DATA,  INTRA-MODEL  (Cent.  ): 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


DBSG(i ! 


DBSG(i)  Name  of  data  block  containing  stage  data  for 

the  i-th  stage,  i = 1,  10  where  i is  the  stage 
number.  Note  that  stages  are  numbered 
consecutively,  from  the  bottom  to  the  top, 
starting  with  any  integer  less  than,  or  equal 
to,  10.  The  data  block  name  is  arbitrary 
(i.  e.  , user  defined),  except  that  it  cannot  be 
a previously  mentioned  user-defined  symbol 
or  an  existing  GTS  symbol. 

e.  g.  , DBSG(l)  = [STAGE l]; 

N.  D. 


DBSS(i) 


DBSS(i)  Name  of  data  block  containing  substage  data 

for  the  substage  associated  with  the  i-th 
stage,  i = 1,  10  where  i is  the  stage  number. 
The  data  block  name  is  arbitrary  (i.  e.  , user 
defined),  except  that  it  cannot  be  a previously 
mentioned  user-defined  symbol  or  an  existing 
GTS  symbol. 

e.  g.  , DBSS(l)  = [SUBSTGl]  ; 

N.  D. 


INPUT  DATA,  INTER-MODEL: 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  d'ita,  then  it  must  be  input  directly  with  the  intra-model  input. 

Mnemonic  Symbol  Description;  Ext.  (Int.  ) Units  Model  Type 


None 
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VEHDEF  VEHICLE  DEFINITION  VHDM1 


OUTPUT  DATA: 


The  following  data  is  output  from  thiB  model.  It  is  available  for  use  as  inter  - 
model  input  to  other  models  and  to  print,  plot,  and  optimization  routines. 

Mnemonic  Symbol  Description;  Ext.  (Int.  ) Units 

None 


# - 

* 

««  V 


% 
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CASEG 


CASE  GEOMETRY 


CSGM1 


20.  1 

MODEL  TYPE:  CASEG  (CASE  Geometry) 

MODEL  NAME:  CSGM1  (Metal  case) 


DESCRIPTION: 


CSGM1  (CaSe  Geometry  Model  number  JJ  determines  the  pertinent  geometry 
for  a solid  rocTtet  motor  metal  case  subject  to  internal  pressure.  This 
model  does  not  account  for  buckling  or  aerodynamic  loads. 

As  illustrated  by  Figure  1,  the  basic  case  geometry  is  comprised  of  a 
cylindrical  section  with  forward  and  aft  closure  sections.  The  inside  and 
outside  surfaces  of  a closure  section  form  concentric  hemi-ellipsoids 
having  coincident  equatorial  planes  and,  normally,  unequal  head  ratios. 

The  closures  may  have  cylindrical  holes,  centered  on  the  hemi-ellipsoid 
axis  of  revolution,  for  modeling  geometry  associated  with  the  igniter, 
submerged  nozzles  and  TVC  systems.  Generally,  the  geometry  may  be 
degenerated  for  simulating  spherical  motors,  etc. 

It  should  be  noted  that  since  the  model  does  not  include  raceways  or 
external  protrusions  associated  with  segmented  cases,  the  outside  case 
diameter  is  not  necessarily  the  maximum  diameter  of  the  motor.  If  such 
protrusions  exist,  they  would  be  evaluated  by  the  models  specified  for  the 
MOTORG  (motor  geometry)  or  SUBSTGG  (substage  geometry)  model  types. 


PROCEDURE: 

Prior  to  entering  CSGM1,  the  models  specified  by  the  IBGAo  and 
NOZZLEG  model  types  have  determined  the  average  chamber  pressure 
and  buried  nozzle  diameter. 

Upon  the  first  entrance  to  CSGM1,  the  thickness,  closure  lengths,  diameters, 
head  ratios,  and  closure  hole  geometry  associated  with  a metal  motor  case 
are  evaluated. 

The  models  specified  for  the  INSULG  and  GRAING  model  types  then  evaluate 
the  remaining  principal  motor  component  geometry,  the  insulation  and 
the  grain. 

After  determining  the  grain  geometry,  CSGM1  is  re-entered  (second 
entrance)  and  quantities  associated  with  the  total  case  length  are  evaluated. 
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CASEG 


CASE  GEOMETRY 


CSGM1 


EQUATIONS,  FIRST  ENTRANCE: 


Case  thickness,  cylindrical  section. 


CS 


CY 


C1  KFS  PMEO  DCS„ 


7TK 


UTS 


Kcs1  + kcs2 


Case  thickness,  center  of  aft  closure. 


CS 


CLA 


- (C2  TCSCY  ) KCS3  * K 


CS. 


Case  thickness,  center  of  forward  closure. 
TcSCLF  = (°3  Tcscv)  Kcs5  * Kcs6 

Case  inside  diameter. 


Dcs  - IVe  “ 2 IV- c 


Outside  equatorial  diameter  for  case  closures. 


D 


CS, 


= D 


CS, 


CLO  "-VD 
Inside  equatorial  diameter  for  case  closures. 


XS 


= D 


CLI 


CST 


Outside  longth  of  aft  case  closure. 
R, 


XS, 


DCSCAO 

~1 


D 


CS, 


CLAO  “ wCLO 

Inside  length  ol  aft  case  closure. 


XS 


CLAI 


XS 


- T 


CLAO 


CS 


CLA 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 


u 


CASEG 


CASE  GEOMETRY 


CSGM1 


EQUATIONS,  FIRST  ENTRANCE  (Cont.  ); 
Inside  head  ratio  of  aft  closure. 


RDCSCAI  = 2 


CLAI 


Outside  length  of  forward  closure. 


RDCSCFO  DCS 


CLO 


CLFO 


Inside  length  of  forward  closure. 


CLFI 


’CLFO 


CLF 


Inside  head  ratio  of  forward  closure. 


CLFI 


DCSCFI 


Diameter  of  hole  in  aft  outside  case  closure  surface. 

D_c  = K _c  D + K^c 

CSHAO  CS7  NZB  CS8 

Diameter  of  hole  in  aft  inside  case  closure  surface. 


HAI  HAO 

Diameter  of  hole  in  forward  outside  case  closure  surface. 

^CS  ” ^CS  ^CS  * ^CS 

^HFO  ^CLO  '■'*10 

Diameter  of  hole  in  forward  inside  case  closure  surface. 


HFO 
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CASEG 


CASE  GEOMETRY 


CSGM1 


EQUATIONS,  FIRST  ENTRANCE  (Cont.  ): 


Diameter  ratio.  Aft  outside  case  hole  diameter  to  outside  case 
closure  diameter. 


D 


R 


DCSHAO 


CS 

5 

;CS 


HAO 


CLO 


(17) 


Outside  length  of  aft  case  closure,  adjusted  for  hole. 

/ 2 

Lcschao  = Lcsclao  V1  ' Bdcshao 


(18) 


Diameter  ratio.  Aft  inside  case  hole  diameter  to  inside  case  closure 
diameter. 


RDCSHAI 


CS 


HAI 


CS 


CLI 


(19) 


Inside  length  of  aft  case  closure,  adjusted  for  hole. 


'CS 


= L 


CHAI 


CS 


R 


CLAI 


DCSHAI 


(20) 


Diameter  ratio.  Forward  outside  case  hole  diameter  to  outbid*  a:e 
closure  diameter. 


DCSHFO 


'CS 


HFO 


15 


CSCLO 


(21) 


Outside  length  of  forward  case  closure,  adjusted  for  hole. 

L, 


CS 


= L, 


CHFO 


CS 


CLFO 


1 - R 


DCSHFO 


(22) 


Diameter  ratio,  forward  inside  case  hole  diameter  to  inside  case 
closure  diameter. 


CS 


HFI 


"DCSHFI  " ~T5 


CS 


(23) 


CLI 


CASEG 


CASE  GEOMETRY 


CSGM1 


EQUATIONS,  FIRST  ENTRANCE  (Cont.  ): 

Inside  length  of  forward  case  closure,  adjusted  for  hole. 


1 - R 


*CHFI 


CLFI 


DCSHFI 


Length  of  hole  in  aft  case  closure. 


CHAO 


CHAI 


Length  of  hole  in  forward  case  closure. 


HF  CHFO 

Case  cross  sectional  area. 


CHFI 


Acs  = fr“)  Dcs, 


Head  ratio  for  use  of  models  which  define  a single  head  ratio  for  forward 
and  aft  closures. 


RDCSCHO  = RDCSCAO 


(27-a) 


Associative  quantities.  The  following  quantities  are  intended  solely  for 
optional  utilization  by  the  program  user.  Their  primary  usage  within 
this  model  is  for  forming  constraint  quantities. 

QDI1  = KQDI1  DCSt  (2* 


°DI2  = KQDI2  DCS, 


QDI3  = KQDI3  DCS, 


qdoi  = kqdoi  DCS, 
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. t u.;  jw  eyiKiM 


CASEG 


CASE  GEOMETRY 


CSGM1 


EQUATIONS,  FIRST  ENTRANCE  (Cont.  ): 


EQUATIONS,  SECOND  ENTRANCE: 
Lengch  of  cylindrical  case  section. 

LGScy  = LGNcy 


Total  cate  length. 


+ L, 


cs  CSCY  L<:schao  ~CSCHFO 

Cylindrical  case  length  to  diameter  ratio. 


"CS 


R 


LDCSCY  “T5 


CY 


CS. 


(34) 


(35) 


(36) 


V J 


QD02 

= KQD02  DCSq 

(3  ) 

1 1 

QD03 

KQD03  DCSq 

(33) 

1 

Total  case  length  to  diameter  ratio. 


R 


LDCS 


"CS 

^CS, 


(37) 
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casjlc 
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GEOMETRY 


CSGM1 


ci!y  to  this  model  by  the  program  user.  If 
value  is  used. 

Description;  Ext.  (Int,  ) Units Preset 

Constant  for  TCSCY  computation; 

N.  D.  1.05 

Proportionality  constant  relating  the  case 
thickness  at  the  center  of  the  aft  closure  to 
the  case  thickness  of  the  cylindrical  section; 

N.  D.  0. 5 

Proportionality  constant  relating  the  case 
thickness  at  the  center  of  the  forward 
closure  to  the  case  thickness  of  the  cylindrical 
section; 

N.  D.  0.  5 

Motor  case  outside  diameter.  Outside 
diameter  of  pressure  vessel  cylindrical  case 


section.  Does  not  include  raceways, 
protrusions,  etc. ; 

in  Fig.  1 0 

Coefficient  for  TCSCY  computation; 

N.  D.  1 

Bias  for  TCSCY  computation; 
in  0 

Coefficient  for  TCSCLA  computation; 

N.  D.  1 

Bias  for  TCSCLA  computation; 
in  0 


* 


CASEG 


INPUT  DATA. 


CASE  GEOMETRY 


CSGM1 


KCS9 


KCS10 


KCSFS 


KCSUTS 


KQDCSI1 


KQDCSI2 


K 


CS 


10 


K 


FS 


K 


UTS 


K 


QDI1 


K 


QDIZ 


Mnemonic 

Symbol 

Description;  Ext.  (Int. ) Unite 

KCS5 

kcs5 

Coefficient  for  TCSCLF  computation; 
N.  D. 

KCS6 

kcs6 

Bias  for  TCSCLF  computation; 
in 

KCS7 

kcs? 

Coefficient  for  DCSHAO  computation; 
N.  D. 

KCS8 

kcs8 

Bias  for  DCSHAO  computation; 

Preset 


in  q 

Coefficient  for  DCSHFO  computation; 

N.  D.  j 

Bias  for  DCSHFO  computation; 
in  0 

Case  factor  of  safety.  Ratio  of  minimum  burst 
pressure  to  maximum  expected  operating 
pressure; 


N.  D. 


1 


Ultimate  tensile  strength  for  metal  case 
material; 

2 

0 


lb/in‘ 


Associative  quantity  coefficient  for  QDCSI1 
computation; 

N.  D.  0 

Associative  quantity  coefficient  for  QDCSI2 
computation; 

N.  D.  o 


i v 
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Ml 
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CASEG 


CASE  GEOMETRY 


CSGM1 


INPUT  DATA, 

Mnemonic 

KQDCSI3 

KQDCSOl 

KQDCS02 

KQDCS03 

RDCSCAO 


RDCSCFO 


INTRA-MODEL  (Cont.  ): 


Symbol 


Description;  Ext,  (Int.  ) Units Preset 


KQDI3 


kqdoi 


KQD02 


KQD03 


Associative  quantity  coefficient  for  QDCSI3 
computation; 

N.  D.  0 

Associative  quantity  coefficient  for  QDCSOl 
computation; 

N.  D.  0 

Associative  quantity  coefficient  for  QDCS02 
computation; 

N.  D.  0 

Associative  quantity  coefficient  for  QDCS03 
computation; 

N.  D.  0 


R DCSC AO  Head  ratio  of  the  ellipsoid  associated  with  the 
aft  outside  case  closure  surface.  Ratio 
of  twice  the  closure  length  to  the  closure 
diameter,  i.  e.  , the  aft  outside  case  closure 
surface  is  an  oblate  spheroid.  The  head  ratio 
is  the  ratio  of  the  axis  of  revolution  (minor 
axis)  to  the  equatorial  diameter  (major  axis); 

N.  D,  1 


RDCSCFO 


Head  ratio  of  the  elliDsoid  associated  with  the 
forward  outside  case  closure  suriace.  Ratio 
of  twice  the  closure  length  to  the  closure 
diameter,  i.  e.  , the  forward  outside  case 
closure  surface  is  an  oblate  spheroid.  The 
head  ratio  is  the  ratio  of  the  axis  of  revolution 
(minor  axis)  to  the  equatorial  diameter 
(major  axis ); 

N.  D.  1 
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CASEG 


CASE  GEOMETRY 


CSGM1 


INPUT  DATA.  INTER -MODEL; 


This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 

DNZB 

PCHMEO 


Symbol 
D. 


'NZ 


B 


MEO 


LGNCY 


Description;  Ext.  (Int.  ) Units Model  Type 

Buried  nozzle  diameter; 

in  NOZZLEG 

Maximum  expected  operating  chamber 
pressure; 

psia  IBGAS 

Length  of  cylindrical  grain  section.  Includes 
all  adjustments  for  submerged  nozzle, 
displaced  propellent,  cutouts,  etc.; 

in  GRAING 


OUTPUT  DATA: 


The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model  input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 


ACS 


Symbol 

ACS 


DCSCLI 


xs 


CLI 


DCSCLO 


XS 


CLO 


Description;  Ext.  (Int.  ) Units 


Motor  case  cross  sectional  aroa.  Area  of 
pressure  vessel  cylindrical  case  section. 

Does  not  include  raceways,  protrusions,  etc.; 

in2  Eq.  27 

Equatorial  diameter  of  the  ellipsoids  formed 
by  the  inside  surfaces  of  the  forward  and  aft 
case  closure  sections; 

in  Fig.  1 Eq.  6 

Equatorial  diameter  of  the  ellipsoids  formed 
by  the  outside  surfaces  of  the  forward  and  aft 
case  closure  section; 

Fig.  1 


in 


Eq.  5 


CASEG 


CASE  GEOMETRY 


CSGM1 


OUTPUT  DATA 

Mnemonic 

DCSHAI 

DCSHAO 

DCSHF1 

DCSHFO 

DCSI 

ECS 

LCSCHAI 


(Cont.  ): 


Symbol 


CS 


HAI 


CS 


HAO 


D 


CS 


HFI 


CSHFO 


"CS 


"CS 


CHAI 


Description;  Ext.  (Int.  ) Units 


Diameter  of  circular  hole,  for  the  nozzle, 
centered  on  the  axis  of  revolution  of  the  hemi- 
ellipsoid  formed  by  the  inside  surface  of  the 
aft  case  closure; 

in  Fig.  1 Eq.  14 

Diameter  of  circular  hole,  for  the  nozzle, 
centered  on  the  axis  of  revolution  of  the  hemi- 
ellipsoid  formed  by  the  outside  surface  of  the 
aft  case  closure; 

in  Fig.  1 Eq.  13 

Diameter  of  circular  hole,  for  the  igniter, 
centered  on  the  axis  of  revolution  of  the  hemi- 
ellipsoid  formed  by  the  inside  surface  of  the 
forward  case  closure; 

in  Fig.  1 Eq.  16 

Diameter  of  circular  hole,  for  the  igniter, 
cantered  on  the  axis  of  revolution  of  the  hemi- 
ellipsoid  formed  by  the  outside  surface  of  the 
forward  case  closure; 

in  Fig.  1 Eq.  15 

Case  inside  diameter,  cylindrical  section; 

in  Fig.  1 Eq.  4 

Total  case  length.  Distance  between  the 
forward  base  of  the  hemi -ellipsoid  frustum 
associated  with  the  forward  outside  closure 
surface  to  the  aft  base  of  the  hemi-ellipsoid 
frustum  associated  with  the  aft  outside  closure 
surface.  Includes  all  adjustments  to  grain; 

in  Fig.  1 Eq.  35 

Length  of  hemi-ellipsoidal  frustum  which 
forms  the  inside  surface  of  the  aft  case 
closure.  Includes  adjustment  for  nozzle  hole; 

in  Fig.  1 Eq.  20 


20.  1-12 


< > 


CSGM1 


CASEG 


CASE  GEOMETRY 


OUTPUT  DATA  (Cont.  ): 


Mnemonic  Symbol 


LCSCHAO  L 


CS 


CHAO 


LCSCHFI  L 


CS 


CHFI 


LCSCHFO  L 


CS 


CHFO 


LCSCLAI  L 


CS 


CLAI 


LCSCLAO  L 


CS 


CLAO 


LCSCLFI  L 


CS 


CLFl 


LCSCLFO  L 


CS 


CLFO 


LCSCY 


"CS 


CY 


Description;  Ext.  (Int.  ) Unite 

Length  of  hemi-ellipsoidal  frustum  which 
forms  the  outside  surface  of  the  aft  case 
closure.  Includes  adjustment  for  nozzle  hole; 

in  Fig.  1 Eq.  18 

Length  of  hemi-ellipsoidal  frustum  which 
forms  the  inside  surface  of  the  forward  case 
closure.  Includes  adjustment  for  igniter  hole; 

in  Fig.  1 Eq.  24 

Length  of  hemi-ellipsoidal  frustum  which 
forms  the  outside  surface  of  the  forward  case 
closure.  Includes  adjustment  for  igniter  hole; 

in  Fig.  1 Eq.  22 

Length  of  the  axis  of  revolution  of  the  hernia 
ellipsoid  formed  by  the  inside  surface  of  the 
aft  case  closure  section; 

in  Fig.  1 Eq.  8 

Length  of  the  axis  of  revolution  of  the  heml- 
ellipsoid  formed  by  the  outside  surface  of  the 
aft  case  closure  section; 

in  Fig.  1 Eq.  7 

Length  of  the  axis  of  revolution  of  the  hemi- 
ellipsoid  formed  by  the  inside  surface  of  the 
forward  case  closure  section; 

in  fig.  1 Eq.  11 

Length  of  the  axis  of  revolution  of  the  hemi- 
ellipsoid  farmed  by  the  outside  surface  of  the 
forward  case  closure  section; 

in  Fig.  1 Eq.  10 

Length  of  cylindrical  case  section.  Includes  all 
adjustments  to  grain; 

in  Fig.  1 Eq.  34 


20.  1-13 


CSGM1 


CASEG 

OUTPUT  DATA 

Mnemonic 

LCSHA 

LCSHF 

QDCSI1 

QDCSI2 

QDCSI3 

QDCSOl 

QDCS02 

QDCS03 

RDCSCAI 


CASE  GEOMETRY 


(Cont.  ): 


Symbol 


Description;  Ext.  (Int»  ) Units 


JCS 


HA 


JCS 


HF 


'DU 


'DI2 


'DI3 


'doi 


D02 


'D03 


R 


DCSCAI 


Length  of  the  cylindrical  hole,  for  the  nozzle, 
in  the  aft  case  closure; 

in  Fig.  1 Eq.  25 

Length  of  the  cylindrical  hole,  for  the  igniter, 
in  the  forward  case  closure; 

in  Fig.  1 Eq.  26 


Associative  quantity,  inside  case  diameter 
(see  DCSI); 

in  Eq.  28 

Associative  quantity,  inside  case  diameter 
(see  DCSI); 

in  Eq.  29 

Associative  quantity,  inside  case  diameter 
(see  DCSI); 

in  Eq.  30 

Associative  quantity,  outside  case  diameter 
(see  DCSO)J 

in  Eq.  31 

Associative  quantity,  outside  case  diameter 
(see  DCSO); 

in  Eq.  32 

Associative  quantity,  outside  case  diameter 
(see  DCSO); 

in  Eq.  33 

Head  ratio  of  the  ellipsoid  associated  with  the 

aft  inside  case  closure  surface.  Ratio  of  twice 
the  closure  length  to  the  closure  diameter, 
i.  e.  , the  aft  inside  case  closure  surface  is  an 
oblate  spheroid.  The  head  ratio  is  the  ratio  of 
the  axis  of  revolution  (minor  axis)  to  the 
equatorial  diameter  (major  axis); 

N.  D.  Eq.  9 


20.  1-14 


CASEG 


CASE  GEOMETRY 


CSGM1 


OUTPUT  DATA  (Cont.  ): 


Mnemonic 

RDCSCFI 


RDCSHAI 

RDCSHAO 

RDCSHFI 

RDCSHFO 

RDCSCHO 

RLDCS 

RLDCSCY 


Symbol 

RDCSCF1 


rdcshai 

rdcshao 

rdcshfi 

rdcshfo 

rdcscho 

rldcs 

rldcscy 


Description;  Ext.  (Int.  ) Unite 

Head  ratio  of  the  ellipsoid  associated  with  the 
forward  inside  case  closure  surface.  Ratio  of 
twice  the  closure  length  to  the  closure 
diameter,  i.  e.  , the  forward  inside  case 
closure  surface  is  an  oblate  spheroid.  The 
head  ratio  is  the  ratio  of  the  axis  of 
revolution  (minor  axis)  to  the  equatorial 
diameter  (major  axis); 

N.  D.  Eq.  12 

Diameter  ratio,  hole  diameter  to  equatorial 
diameter,  inside  surface  of  aft  case  closure; 

N.  D.  Eq.  1 9 

Diameter  ratio,  hole  diameter  to  equatorial 
diameter,  outside  surface  of  aft  case  closure; 

N.  D.  Eq.  1 7 

Diameter  ratio,  hole  diameter  to  equatorial 
diameter,  inside  surface  of  forward  case 
closure; 

N.  D.  Eq.  23 

Diameter  ratio,  hole  diameter  to  equatorial 
diameter,  outside  surface  of  forward  case 
closure; 


N.  D.  Eq.  21 

Head  ratio  for  usage  by  models  which  define 
a single  head  ratio  for  forward  and  aft 
closures ; 

N.  D.  Eq.  27 -a 


Length  to  diameter  ratio,  total  case; 

N.  D.  Eq.  37 

Length  to  diameter  ratio,  cylindrical  case 
section; 

N.  D.  Eq.  36 


20.  1-15 


CASEG 


CASE  GEOMETRY 


CSGMl 


OUTPUT  DATA 
Mnemonic 
T CSC  LA 

TCSCLF 

TCSCY 


(Cont.  ): 


Symbol 
T, 


CS 


CLA 


CS 


CLF 


CS 


CY 


Description;  Ext.  (Int.  ) Unite 


Ca.ee  thickness  at  center  of  aft  case  closure. 
Distance  between  the  aft  inside  and  outside 
hemi-ellipsoid  surfaces,  measured  on  the 
axis  of  revolution; 

in  Fig.  1 Eq.  2 


Case  thickness  at  center  of  forward  case 
closure.  Distance  between  the  forward 
inside  and  outside  hemi-ellipsoid  surfaces, 
measured  on  the  axis  of  revolution; 


in 


Fig.  1 


Eq.  3 


Case  thickness,  cylindrical  section; 
in  Fig.  1 Eq.  1 


Nominally,  only  those  lines  with  an  asterisk  to  the  left  of  the  line  number  will  be 
printed.  By  input,  any  of  the  lines  given  below  may  be  printed  or  suppressed 
(see  the  section  on  output  models  for  the  details). 
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CSGM1 


fe  cB  p 5 o § co 

Sc  \ o oootowy 

co  co  q m w u o 2 

a s 


ro  Q MO 
M < CO  Cx,  £, 
CO  fe  J M U B 
o Sri  u co  co  cn 

i Issues 


Si 


SM  00-9  c/\vO  On  O *h  CM  co-9  ltn 

* * * * * * HM.— IrHrH.— I 

M ****** 

3 


IT1  CO  BmoBm 

aaagsifss&sgg 


M OT  Q Cl.  m 2 c 

(VJ  ^.HcoEmqSj 
ooHwcQbuubnwo 
wcocowwwowwuow 
uuouuuffuufioy 
oSax«i«!Xj|j9Ef! 


_ WQp„  O M 

ScowwniSwMooB 

u<Pi>c:^5<iJ*i32aEB 


20.  1-17 


•tr*' 


CASEG 


CASE  GEOMETRY 


CSGM2 


S 


20.  2 


MODEL  TYPE: 


CASEG  (CASE  Geometry) 


MODEL  NAME: 


CSGM2  (Glass  case) 


DESCRIPTION: 


€ 

■%  r 


CSC-M2  (£a§e  geometry  Model  number  |)  determines  the  pertinent  geometry 
for  a solid  rocket  motor  fiberglass  case  subject  to  internal  pressure.  This 
model  does  not  account  for  buckling  or  aerodynamic  loads. 

As  illustrated  by  Figure  1,  the  basic  case  geometry  is  comprised  of  a 
cylindrical  section  with  forward  and  aft  closure  sections.  The  inside  and 
outside  surfaces  of  a closure  section  form  concentric  hemi-ellipsoids 
having  coincident  equatorial  planes  and,  normally,  unequal  head  ratios. 

The  closures  may  have  cylindrical  holes,  centered  on  the  hemi-ellipsoid 
axis  of  revolution,  for  modeling  geometry  associated  with  the  igniter, 
submerged  nozzles  and  TVC  systems.  Generally,  the  geometry  may  be 
degenerated  for  simulating  spherical  motors,  etc. 

It  should  be  noted  that,  since  the  model  does  not  include  raceways  or 
external  protrusions  associated  with  segmented  cases,  the  outside  case 
diameter  is  not  necessarily  the  maximum  diameter  of  the  motor.  If  such 
protrusions  exist,  they  would  be  evaluated  by  the  models  specified  for  the 
MOTORG  (motor  geometry)  or  SUBSTGG  (substage  geometry)  model  types. 


PROCEDURE: 

Prior  to  entering  CSGM2,  the  models  specified  by  the  IBGAS  and 
NOZZLEG  model  types  have  determined  the  average  chamber  pressure 
and  buried  nozzle  diameter. 

Upon  the  first  entrance  to  CSGM2,  the  thickness,  closure  lengths, 
diameters,  head  ratios,  and  closure  hole  geometry  associated  with  a 
fiberglass  motor  case  are  evaluated. 

The  models  specified  for  the  INSULG  and  GRAING  model  types  then  evalv 
the  remaining  principal  motor  component  geometry,  the  insulation  and 
the  grain. 

After  determining  the  grain  geometry,  CSGM2  is  re-entered  (second 
entrance)  and  quantities  associated  with  the  total  case  length  are  evaluated. 


20.2-1 


CASEG 


CASE  GEOMETRY 


CSGM2 


EQUATIONS,  FIRST  ENTRANCE; 


Case  thickness,  cylindrical  section. 

C4  KFS  PMEO  (DCSq)  5 

_ 


cs 


CY 


K 


CS 


+ K 


UTS 

Case  thickness,  center  of  aft  closure. 

TcSCLA  ' f6  Tcscv)  KcS13  + KcS14 
Case  thickness,  center  of  forward  closure. 

T°SCLF  = (C?  T°SCy)  KcS15  + KcS16 
Case  inside  diameter. 


Dcsx  = Dcs0  " 2 tcscy 


Outside  equatorial  diameter  for  case  closures. 


11 


CS 


D 


cs. 


= D 


CS. 


'CLO  ~wO 
Inside  equatorial  diameter  for  case  closures 


CS. 


= D 


CS, 


CLI  '■'*■'1 
Outside  length  of  aft  case  closure. 
R, 


DCSCAO 


JCS/ 


CS. 


'CLAO  ~~CLO 

Inside  length  of  aft  case  closure. 


"'CS 


= L 


CLAI 


CS 


- T 


CLAO 


CS 


CLA 


12 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


20.  2-2 


CASEG 


CASE  GEOMETRY 


CSGM2 


EQUA  T IONS,  FIRST  ENTRANCE  (Cont.  ): 


Inside  head  ratio  of  aft  closure. 

L, 


XS 


RrCSCAI  = 2 “T 


CLAI 


CS 


CLI 


Outside  length  of  forward  closure. 


RDCSCFO  DCS 


CLO 


"CS 


CLFO  c 

Inside  length  of  forward  closure. 

L<:sclfi  Lcsclfo  CSCLF 


Inside  head  ratio  of  forward  closure. 


2 L 


CS 


CLFI 


DCSCFI 


CS 


CLI 


Diameter  of  hole  in  aft  outside  case  closure  surface. 

D- p - Krc  Du « t K^. p 

CSHAO  CS1 7 NZB  CS18 

Diameter  of  hole  in  aft  inside  case  closure  surface. 

^CS  “ ^CS 
Ut,HAI  WHAO 

Diameter  of  hole  in  forward  outside  case  closure  surface. 
D„„  = D„„  + K. 


'CSHFO  = KcS19  DcSCLO 


xs 


20 


Diameter  of  hole  in  forward  inside  case  closure  surface. 

■^CS  ~ ^*CS 
OS>HFI  ^HFO 


(*) 

(10) 

(ID 

(12) 

(13) 

(14) 

(15) 

(16) 


CASEG 


CASE  GEOMETRY 


CSGM2 


EQUATIONS,  FIRST  ENTRANCE  (Cont.  ): 


Diameter  ratio.  Aft  outside  case  hole  diameter  to  outside  case 
closure  diameter. 


R 


DCSHAO 


CS 


HAO 


CS 


CLO 


Outside  length  of  aft  case  closure,  adjusted  for  hole. 


(17) 


~CSCHAO 


"CS 


CLAO 


R DCSHAO 


(18) 


Diameter  ratio,  Aft  inside  case  hole  diameter  to  inside  case  closure 
diamete  r. 


RDCSHAI  = 


CS 


HAI 


TT 


CS 


CLI 


(19) 


Inside  length  of  aft  case  closure,  adjusted  for  hole. 


"CS 


CHAI 


"CS 


1 - R 


CLAI 


DCSHAI 


(20) 


Diameter  ratio.  Forward  outside  case  hole  diameter  to  outside  case 
closure  diameter. 


R 


DCSHFO 


CS 


HFO 


CS 


CLO 


(21) 


Outside  length  of  forward  case  closure,  adjustec  for  hole. 


•Jr  c ' J-v~  c 

° CHFO  °CLFO 


D 

DCSHFO 


(22) 


t 


CASEG 


CASE  GEOMETRY 


CSGM2 


r „ 

i \ 

i | 


t 

i ? 


[ 

? 

€ *. 

I ^ 


I i 


EQUATIONS,  FIRST  ENTRANCE  (Cont.  ): 

Diameter  ratio,  forward  inside  case  hole  diameter  to  Inside  case  closure 
diameter. 


CS 


HFI 


DCSHFI 


CS 


(23) 


CU 


Inside  length  of  forward  case  closure,  adjusted  for  hole. 
L, 


"CS, 


= L 


CS, 


1 - R 


CHFI  CLFI 

Length  of  hole  in  aft  case  closure. 


DCSHFI 


"CS, 


= L, 


CS, 


- L. 


CS, 


"HA  CHAO  CHA1 

Length  of  hole  in  forward  case  closure. 


"CS, 


= L, 


CS, 


"CS, 


(24) 


(25) 


(26) 


'HF  CHFO  ""‘"CHFI 

Case  cross  sectional  area. 


Acs  = (~r~)  D 


>cs. 


(27) 


Head  ratio  for  usage  by  models  which  define  a single  head  ratio  for  the 
forward  and  aft  closures. 


RDCSCHO  = RDCSCAO 


(27-a) 


Associative  quantities.  The  following  quantities  are  intended  solely  for 
optional  utilization  by  the  program  user.  Their  primary  usage  within 
this  model  is  for  forming  constraint  quantities. 

Q 
Q 
Q 


Dll 

= KQDI1 

DCSj 

(28) 

D12 

= KQDI2 

DCSj 

(29) 

DI3 

KQDI3 

DCSj 

(30) 

u 


20.  2-5 


CASEG 


CASE  GEOMETRY 


CSGM2 


EQUATIONS,  FIRST  ENTRANCE  (Cont.  ): 

qdoi  3 kqdoi  dcsq 

°D02  = KQD02  DCSq 
°D03  = KQD03  DCS0 

EQUATIONS,  SECOND  ENTRANCE: 


Length  of  cylindrical  case  section. 

Lcscv  ' lgncy 


Total  case  length. 

Lcs  = LCSCY  + lcschao  + lcschfo 


Cylindrical  case  length  to  diameter  ratio. 
L, 


"CS 


CY 


LDCSCY 


CS, 


Total  case  length  to  diameter  ratio. 


RLDCS 


(31) 

(32) 

(33) 


(34) 


(35) 


(36) 


(37) 


20.  2-6 


CLOSURE  EQUATORIAL  AXIS 


CASEG 


CASE  GEOMETRY 


CSCM2 


INPUT  DATA,  INTRA-MODEL: 


The  following  data  is  input  directly  to  this  model  by  the  program  user. 
If  a value  is  not  input,  the  preset  value  is  used. 

Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Preset 

CCSG4 

C4 

Constant  for  TCSCY  computation; 

N.  D. 

1.  18 

CCSC5 

C5 

Constant  for  TCSCY  computation; 
N.  D. 

1.  16 

CCSG6 

C6 

Proportionality  constant  relating  the  case 
thickness  at  the  center  of  the  aft  closure  to 
the  case  thickness  of  the  cylindrical  section; 

N.  D. 

0.  5 

CCSG7 

C7 

Proportionality  constant  relating  the  case 
thickness  at  the  center  of  the  forward 
closure  to  the  case  thickness  of  the  cylindrical 
section; 

N.  D. 

0.  5 

DCSO 

Dcs0 

Motor  case  outside  diameter.  Outside  diameter 
of  pressure  vessel  cylindrical  case  section. 

Does  not  include  raceways,  protrusions,  etc,  ; 

in  Fig.  1 

0 

KCS1 1 

KCS,  . 

Coefficient  for  TCSCY  computation; 

1 1 

N.  D. 

1 

KCS12 

^cs 

Cb12 

Bias  for  TCSCY  computation; 
in 

0 

KCS13 

KCS 

ct>13 

Coefficient  for  TCSCLA  computation; 
N.  D. 

1 

KCS14 

^CS 

°b14 

Bias  for  TCSCLA  computation; 
in 

0 

20.  2 .8 


CASEG 


CASE  GEOMETRY 


CSGM2 


INPUT  DATA,  INTRA-MODEL  (Cont.  ): 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Preset 

KCS  15 

^CS 

os>l5 

Coefficient  for  TCSCLF  computation; 
N.  D. 

1 

KCS16 

Kcs 

OS,16 

Bias  for  TCSCLF  computation; 
in 

0 

KCS17 

^CS 

Coefficient  for  DCSKAO  computation; 
N.  D. 

1 

KCS18 

KCS 

^&18 

Bias  for  DCSHAO  computation; 
in 

0 

KCS19 

^CS 

Coefficient  for  DCSHFO  computation; 
N.  D. 

1 

KCS20 

KCS 

CS20 

Bias  for  DCSHFO  computation; 
in 

0 

KCSFS 

kfs 

Case  factor  of  safety.  Ratio  of  minimum 

burst  pressure  to  maximum  expected 
operating  pressure; 

N.  D. 

1 

KCSUTS 

kuts 

Ultimate  tensile  strength  for  fiberglas 
filament  case  material; 

8 

lb/ in^ 

0 

KQDCS.U 

kqdii 

Associate  e quantity  coefficient  for  QDCSI1 

computation; 
N.  D. 

0 

KQDCSI2 

KQLI2 

Associative  quantity  coefficient  for  QDCSI2 
computation; 

N.  D. 

0 

20. 2-9 


CASEG 


CASE  GEOMETRY 


CSGM2 


INPUT  DATA, 

Mnemonic 

KQDCSI3 

KQDCSOl 

KQDCS02 

KQDCS03 

RDCSCAO 


RDCSCFO 


INTRA-MODEL  (Cont.  ): 


Symbol 


Description;  Ext.  (Int.  ) Units Preset 


KQDI3 


kqdoi 


KQD02 


KQD03 


Associative  quantity  coefficient  for  QDCSI3 
computation; 

N.  D.  0 

Associative  quantity  coefficient  for  QDCSOl 
computation; 

N.  D.  0 

Associative  quantity  coefficient  for  QDCS02 
computation; 

N.  D.  0 

Associative  quantity  coefficient  for  QDCS03 
computation; 

N.  D.  0 


RDCSCAO  Head  ratio  of  the  ellipsoid  associated  with 
' W/ " ' J the  aft  outside  case  closure  surface.  Ratio 
of  twice  the  closure  length  to  the  closure 
diameter,  i.  e.  , the  aft  outside  case  closure 
surface  is  an  oblate  spheroid.  The  head  ratio 
is  the  ratio  of  the  axis  of  revolution  {minor 
axis)  to  the  equatorial  diameter  (major  axis); 

N.  D.  1 


RDCSCFO  Head  ratio  of  the  ellipsoid  associated  with 
the  forward  outride  case  closure  surface. 
Ratio  of  twice  the  closure  length  to  the 
closure  diameter,  i.  e.  , the  forward  outside 
case  closure  surface  is  an  oblate  spheroid. 
The  head  ratio  is  the  ratio  of  the  axis  of 
revolution  (minor  axis)  to  the  equatorial 
diameter  (major  axis); 

N.  D.  1 


20.  2-10 


CASEG 


CASE  GEOMETRY 


CSGM2 


INPUT  DATA,  INTER-MODEL: 


This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mne  monic 
DNZB 

PCHMEO 


Symbol 

dnz„ 


MEO 


LGNCY 


Description;  Ext.  (Int.  ) Units  Model  Type 


Buried  nozzle  diameter; 

in  NOZZLEG 

Maximum  expected  operating  chamber 
pressure; 

psia  IBGAS 

Length  of  cylindrical  grain  section.  Includes 
all  adjustments  for  submerged  nozzle, 
displaced  propellent,  cutouts,  etc.  ; 

in  GRAING 


OUTPUT  DATA: 


The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic  Symbol 


Description;  Ext.  (Int.  ) Units 


ACS 


lCS 


DCS  C LI 


DCSCLO 


D 


cs 


CLO 


Motor  case  cross  sectional  area.  Area  of 
pressure  vessel  cylindrical  case  section. 

Does  not  include  raceways,  protrusions,  etc.  ; 

in2  Eq.  27 

Equatorial  diameter  of  the  ellipsoids  formed 
by  the  inside  surfaces  of  the  forward  and  aft 
case  closure  sectio...,; 

in  Fig.  1 Eq.  6 

Equatorial  diameter  of  the  ellipsoids  formed 
by  the  outside  surfaces  of  the  forward  and  aft 
case  closure  sections; 

in  Fig.  1 Eq.  5 


20.  2-11 


CSGM2 


CASEG 

OUTPUT  DATA 
Mnemonic 
3CSHAI 

DCSHAO 

DC5HFI 

DCSIIFO 

DCSI 

LCS 

LCSCHAI 


CASE  GEOMETRY 


(Cont.  ): 


Symbol 

D, 


CS 


HA1 


CS 


HAG 


CS 


HF1 


CS 


HFO 


CS 

CS 


'CS 


CHAI 


Description;  Ext.  (Int,  ) Units 

Diameter  of  circular  hole,  for  the  nozzle, 
centered  on  the  axis  of  revolution  of  the  hemi- 
ellipsoid  formed  by  the  inside  surface  of  the 
aft  case  closure; 

in  Fig.  1 Eq.  14 

Diameter  of  circular  hole,  for  the  nozzle, 
centered  on  the  axis  of  revolution  of  the  hemi- 
ellipsoid  formed  by  the  outside  surface  of  the 
aft  case  closure; 

in  Fig.  1 Eq.  13 

Diameter  of  circular  hole,  for  the  igniter, 
centered  on  the  axis  of  revolution  of  the  hemi- 
ellipsoid  formed  by  the  inside  surface  of  the 
forward  case  clocure; 

in  Fig.  1 Eq.  16 

Diameter  of  circular  hole,  for  the  igniter, 
centered  on  the  axis  of  revolution  of  the  hemi- 
ellipsoid  formed  by  the  outside  surface  of  the 
forward  case  closure; 

in  Fig.  1 Eq-  15 

Case  inside  diameter,  cylindrical  section; 

in  Fig.  1 Eq.  4 

Total  case  length.  Distance  between  the 
forward  base  of  the  hemi-ellipsoid  frustum 
associated  with  the  forward  outside  closure 
surface  to  the  aft  base  of  the  hemi-ellipsoid 
frustum  associated  with  the  aft  outside  closure 
surface.  Includes  all  adjustments  to  grain; 

in  Fig.  1 Eq.  35 

Length  of  hemi-ellipsoidal  frustum  which  forms 
the  inside  surface  of  the  aft  case  closure. 
Includes  adjustment  for  nozzle  hole; 

in  Fig.  1 Eq.  20 


20. 2-12 


OUTPUT  DATA  (Cont.  ); 


CASE  GEOMETRY 


Mnemonic  Symbol 


Description;  Ext.  (Int.  ) Units 


LCSCHAO 


LCSCHFI 


LCSCHFO 


LCSCLAI 


LCSCLAO 


LCSCLFI 


LCSCLFO 


LCSCY 


’CHAO 


CHFI 


’CHFO 


CLAI 


’CLAO 


CLFI 


CLFO 


Length  of  hemi-ellipsoidal  frustum  which 
forms  the  outside  surface  of  the.  aft  case 
closure.  Includes  adjustment  for  nozzle  hole; 

in  Fig.  1 Eq.  18 

Length  of  hemi-ellipsoidal  fruutum  which 
forms  the  inside  surface  of  the  forward  case 
closure.  Includes  adjustment  for  igniter  hole; 

in  Fig.  1 Eq.  24 

Length  of  hemi-ellipsoidal  frustum  which 
forms  the  outside  surface  of  the  forward  case 
closure.  Includes  adjustment  for  igniter  hole; 


Fig.  1 


Eq.  22 


Length  of  the  axis  of  revolution  of  the  hemi- 
ellipsoid  formed  by  the  inside  surface  of  the 
aft  case  closure  section; 


Fig.  1 


Eq.  8 


Length  of  the  axis  of  revolution  of  the  hemi- 
ellipsoid  formed  by  the  outside  surface  of  the 
aft  case  closure  section; 

in  Fig.  1 Eq.  7 

Length  of  the  axis  of  revolution  of  the  hemi- 
ellipsoid  formed  by  the  inside  surface  of  the 
forward  case  closure  section; 

in  Fig.  1 Eq.  11 

Length  of  the  axis  of  revolution  of  the  hemi- 
ellip8oid  formed  by  the  outside  surface  of  the 
forward  case  closure  section; 


Fig.  1 


Eq.  10 


Length  of  cylindrical  case  section.  Includes 
all  adjustments  to  grain; 


Fig.  1 


Eq.  34 


20.  2-13 


CASEG 


CASE  GEOMETRY 


CSGM2 


OUTPUT  DATA 

Mnemonic 

LCSHA 

LCSHF 

QDCSI1 

QDCSI2 

QDCSI3 

QDCSOl 

QDCS02 

QDCS03 

RDCSCAI 


(Cont.  ): 


Symbol  Description;  Ext.  (Int.  ) Units 


JCS 


HA 


'OS 


HF 


ul  1 


DI2 


!DI3 


JDO! 


?D02 


lD03 


‘DCSCAI 


Length  of  the  cylindrical  hole,  for  the  nozzle, 
in  the  aft  case  closure; 

in  Fig.  1 Eq.  25 

Length  of  the  cylindrical  hole,  for  the  igniter, 
in  the  forward  case  closure; 

in  Fig.  1 Eq.  26 

Associative  quantity,  inside  case  diameter 
(see  DCSI); 

in  Eq.  28 

Associative  quantity,  inside  case  diameter 
(see  DCSI); 

in  Eq.  29 

Associative  quantity,  inside  case  diameter 
(see  DCSI); 

in  Eq.  30 

Associative  quantity,  outside  case  diameter 
(see  DCSO); 

in  Eq.  31 

Associative  quantity,  outside  case  diameter 
(see  DCSO); 

in  Eq.  32 

Associative  quantity,  outside  case  diameter 
(see  DCSO); 

in  Eq.  33 

Head  ratio  of  the  ellipsoid  associated  with  the 

aft  inside  case  closure  surface.  Ratio  of  twice 

the  closure  length  to  the  closure  diameter, 
i.  e.  , the  aft  inside  case  closure  surface  is  an 
oblate  spheroid.  The  head  ratio  is  the  ratio  of 
the  axis  of  revolution  (minor  axis)  to  the 
equatorial  diameter  (major  axis); 

N.  D. 


Eq.  9 


<■!*.  MV  WW  iiWWI! 


CASEG 


CASE  GEOMETRY 


CSGM2 


« 


OUTPUT  DATA  (Cont,  ): 
Mnemonic  Symbol 

RDCSCFI  R*DCSCFI 


RDCSHAI 


RDCSHAO 


RDCSHFI 


RDCSCHO 


RLDCS 


RLDCSCY 


DCSHAI 


R 


DCSHAO 


R 


DCSHFI 


RDCSHFO  R 


DCSHFO 


DCSCHO 


‘LDCS 


‘ LDCSC Y 


Description;  Ext.  (Int.  ) Unita 

Head  ratio  of  the  ellipsoid  associated  with  the 
forward  inside  case  closure  surface.  Ratio  of 
twice  the  closure  length  to  the  closure 
diameter,  i.  e. , the  forward  inside  case 
closure  surface  is  an  oblate  spheroid.  The 
head  ratio  is  the  ratio  of  the  axis  of 
revolution  (minor  axis)  to  the  equatorial 
diameter  (major  axis); 

N.  D.  Eq.  12 

Diameter  ratio,  hole  diameter  to  equatorial 
diameter,  inside  surface  of  aft  case  closure; 

N.  D.  Eq.  1 9 

Diameter  ratio,  hole  diameter  to  equatorial 
diameter,  outside  surface  of  aft  case  closure; 


N.  D. 


Eq.  17 


Diameter  ratio,  hole  diameter  to  equatorial 
diameter,  inside  surface  of  forward  case 
closure; 


N.  D. 


Eq.  23 


Diameter  ratio,  hole  diameter  to  equatorial 
diameter,  outside  surface  of  forward  case 
closure; 


N.  D. 


Eq.  21 


Head  ratio  for  usage  by  models  which  define 
a single  head  ratio  for  forward  and  aft  closures; 

N.  D.  Eq.  27 -a 

Length  to  diameter  ratio,  total  case; 

N.  D.  Eq.  37 

Length  to  diameter  ratio,  cylindrical  case 
section; 


N.  D. 


Eq.  36 


20.  2-  15 


CASEG 


CASE  GEOMETRY 


CSGM2 


OUTPUT  DATA 

Mnemonic 

TCSCLA 

TCSCLF 

TCSCY 


20.  2 - 1 (j 


(Cont.  ): 


Symbol  Description;  Ext.  (Int.  ) Units 


'OS 


CLA 


CLF 


Case  thickness  at  center  of  aft  case  closure. 
Distance  between  the  aft  inside  and  outside 
hemi-ellipsoid  surfaces,  measured  on  the 
axis  of  revolution; 

in  Fig.  1 Eq,  2 

Case  thickness  at  center  of  forward  case 
closure.  Distance  between  the  forward 
inside  and  out3ide  hemi-ellipsoid  surfaces, 
measured  on  the  axis  of  revolution; 

in  Fig.  1 Eq.  3 

Case  thickness,  cylindrical  section; 
in  Fig.  1 Eq.  1 
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20.  2-17 


•t 

I 


CASEW 


CASE  WEIGHT 


CSWMI 


** 


30.  1 


fit 


MODEL  TYPE: 


CASEW  (CASE  Weight) 


MODEL  NAME: 


CSWMI  (Metal  Case,  Parametric  Scaling) 


DESCRIPTION: 

CSWMI  (CaSe  Weight  Model  number  1)  utilizes  parametric  weight  scaling 
equations  to  determine  the  weight  of  a solid  rocket  motor,  unjointed  or 
jointed, metal  case.  See  references  8 and  34  for  a description  of  the 
equations  and  scaling  coefficient  rationale. 

The  model  is  applicable  for  performance  parameters  within  the  following 
limits  (see  Input  Data,  Inter-Model). 

500  < PCHMEO  < 1950  psia 

0.  6 < RDCSCHO  <1.0 

0.  25  < RLDGNCY  < 8.  0 

3000  < WPPMT  < 2,000,000  lb. 

PROCEDURE: 

Prior  to  entering  CSWMI,  the  models  specified  by  the  PROPELW  and 
IBGAS  model  types  have  evaluated  the  propellent  and  gas  properties.  The 
models  specified  by  the  CASEG,  GRAING  and  MOTORG  have  evaluated  the 
motor  geometry. 

The  CSWMI  model  is  then  executed  and  the  motor  case  weight  is  evaluated 
using  parametric  weight  scaling  equations.  In  addition,  the  case  weight  is 
broken  down  into  expended  and  non-ev.penaed  components. 

These  expended  and  non-expended  case  weight  components  will  later  be  used 
by  the  model  specified  for  the  MG  TOR  W model  type  to  determine  the  motor 
weights  and  mass  fractions. 


30. 1-1 


CASEW 

EQUATIONS: 

Total  case  weight,  no  joints. 


CASE  WEIGHT 


K 


1 


. RLDGNCY  + C1  [<lRDCSCHO  ’ C2^  * C4l 


^DCSCHoJ 


+ C5  RLDGNCY 


W 


CS, 


= K 


NOJT 


WCSNOJ 


CCSG1  WPP.„_  PMEO  KFS  PCS  K1 
M 1 


kuts  ppp 


MT 


'MT 


C6  PCS  RDCSCHO  °CS( 


/ Kfs  wpp 


V 


MT 


UTS 


CSWM1 


(1) 


I 


Case  weight  penalty  per  joint. 
W.«  = K 


JTCSU  WJTCSU 


KFS  PMEO  DCS, 


T? 


UTS 


14 


(2) 


Total  joint  weight  penalty. 

WjTCS  = ’Vs"''™ 
Tou.1  case  weight. 

wcs = Kwcs (wcs 


+ w 

NOJT  J1CS 


JT^o) 


(3) 


(4) 


Total  non-expended  case  weight  component. 


wcsNX  = kwcsnx  wcs 


(5) 


Total  expended  case  weight  component. 


Wcsx  ■ « 


(6) 


30. 1-2 


CASEW 


CASE  WEIGHT 


CSWM1 


EQUATIONS  (Coat. ): 

Expended  (non-thrust  producing)  case  weight  component. 
WCS  = 0 

Expended  (thrust  producing)  case  weight  component. 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  to  this  modal  directly  by  the  program  user.  If  a 
value  is  not  input,  the  preset  value  is  used. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units  Preset 

ccswi 

C1 

Scaling  constant  for 

WCS  computation; 

N.  D. 

0.  5 

CCSW2 

C2 

Scaling  constant  for 

WCS  computation; 

N.  D. 

0.  77 

CCSW3 

C3 

Scaling  constant  for 

WCS  computation; 

N.  D. 

1.3 

CCSW4 

C4 

Scaling  constant  for 

WCS  computation; 

N.  D. 

0.  856 

CCSW5 

C5 

Scaling  constant  for 

WCS  computation; 

N.  D. 

0.  5 

CCSW6 

C6 

Scaling  constant  for 

WCS  computation; 

N.  D. 

9.  0712 

CCSW7 

C7 

Scaling  constant  for 

WCS  computation; 

N.  D. 

0. 20288 

(?) 

(8) 


30.  1 -3 


CASEW 


CASE  WEIGHT 


CSWM1 


INPUT  DATA,  INTRA-MODEL  (Cent.  ): 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Preset 

CCSW14 

C1 4 

L '.aling  constant  for  WJTCSU  computation; 

N.  D. 

7.  7 

NJTCS 

^JT 
J lCS 

Number  of  joints  in  motor  case; 
N.  D. 

0 

KWCS 

KWCS 

Proportionality  factor  for  total  case 
includes  joint  penalty; 

weight, 

N.  D. 

1 

KWCSNOJ 

kwcsnoj 

Proportionality  factor  for  total  case 
does  not  include  joint  penalty; 

weight, 

N.  D. 

1 

KWCSNX 

kwcsnx 

Proportionality  factor  for  car.e  non- 
weight, includes  joint  penalty; 

expended 

N.  D. 

1 

KWJTCSU 

k\vjtcsu 

Proportionality  factor  for  the  weight  of  a 
joint; 

N.  D. 

1 

RHOCS 

pcs 

Density  of  metal  case  material; 
lb/in^ 

0 

INPUT  DATA,  INTER-MODEL: 


This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  the”  it  must  be  input  directly  with  the  intra-model  input. 

Mnemonic  Symbol  Description;  Ext,  (Int,  ) Units Model  Type 

C 


CCSC1 


CSC  1 


Constant  for  case  thickness  computation; 
N.  D.  CASEG 


CASEW 


CASE  WEIGHT 


CSWM1 


INPUT  DATA,  INTER -MODEL  (Cont,  ): 


Mnemonic 

DCSO 

KCSFS 

KCSUTS 

PCHMEO 

RDCSCHO 

RLDGNCY 

RHOPPMT 

RVPPMT 

WPPMT 


Symbol 

Dcs^ 


K 


FS 


K 


UTS 


PMEO 


RDCSCHO 

rldgncy 


PP 


MT 


MT 

WPP 


MT 


Description;  Ext,  (Int.  ) Unite  Model  Type 

Motor  case  outside  diameter; 
in  CASEG 

Case  factor  of  safety; 

N.  D.  CASEG 

Ultimate  tensile  strength  for  metal  case 
material; 

lb/in2  CASEG 

Maximum  expected  operating  chamber 
pressure; 

psia  IBGAS 

Case  closure  outside  surface  head  ratio; 

N.  D.  CASEG 

Ratio,  cylindrical  grain  length  to  grain 
diameter,  Includee  all  adjustments  to  grain; 

N.  D.  GRAING 

Propellent  density; 

lb/in3  PROPEL 

Motor  volumetric  loading  efficiency; 

N.  D.  MOTORG 

Propellent  weight; 

lb  PROPELW 


OUTPUT  DATA: 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


W 


cs 


Total  case  weight,  includes  joint  penalty; 
lb  Eq.  4 


WCS 


CASEW 


CASE  WEIGHT 


CSWM1 


OUTPUT  DATA  jCont,  ): 

Mnemonic  Symbol  Description;  Ext.  (Int.  ) Units 


WCSNOJT 

WCSNX 

WCSX 

WCSXI 

WCSXT 

WJTCS 

WJTCSU 


W 


cs 


NOJT 


W 


CS 


NX 


w 


CS 


XI 


w 


CS 


XT 


W 


JT 


CS 


W 


JT 


CSU 


Total  case  weight,  no  joints; 
lb  Eq.  1 

Total  non-expended  case  weight,  includes 
joint  penalty; 

lb  Eq.  5 

Total  expended  case  weight; 
lb  Eq.  6 

Expended  {non-thrust  producing)  case  weight 
component; 

lb  Eq.  7 

Expended  (thrust  producing)  case  weight 
component; 

lb  Eq.  8 

Total  joint  weight  penalty; 

lb  Eq.  3 

Case  weight  penalty  per  joint; 
lb  Eq.  2 


CASEW 


CASE  WEIGHT 


CSWM2 


30.  2 

MODEL  TYPE:  CASEW 

MODEL  NAME:  CSWM2 

DESCRIPTION: 


(CASE  Weight) 

(Glass  Case,  Parametric  scaling) 


CSWM2  (Ca.Se  Weight  Model  number  2 J utilizes  parametric  weight  scaling 
equations  to  evaluate  the  weight  of  a solid  rocket  motor  (unjointed  or  jointed) 
fiberglass  motor  case. 

The  basic  assumptions  used  to  develop  the  equations  were  as  follows: 

1.  Bosses  are  made  from  aluminum  with  a minimum 
ultimate  tensile  strength  of  70  ksi. 

2.  Bolts  used  for  the  attachment  of  the  igniter  and  nozzle 
to  the  bosses  are  heat  treated  170  ksi  (minimum). 

3.  Forward  and  aft  boss  diameters  are  20%  and  50%  of  the 
case  diameter,  respectively. 

4.  Equal  margins  of  safety  are  maintained  at  all  points  on 
the  composite  shell. 

The  most  important  point  for  the  engineer  preparing  input  data  is  that 
KCSUTS  is  a representative  strength  for  the  fiber  under  consideration.  For 
example,  KCSUTS  would  be  350,000  psi  for  type  S-901  (S-944)  fibers. 

See  references  41-42  for  a description  of  the  unjointed  case  weight  equation. 
The  joint  penalty  is  described  in  reference  44. 

This  model  is  applicable  for  performance  parameters  within  the  following 
limits  (see  Input  Data,  Inter- Model). 

600  < PCHMEO  < 1950  psia 

3000  < WPPMT  < 2,000,  000  1b. 


30. 2-1 


CASEW 


CASS  'V EIGHT 


CSWM2 


PROCEDURE: 


U 


Prior  to  entering  CSWM2,  the  models  specified  by  the  PROPEL  and  IBGAS 
model  types  have  evaluated  the  propellent  and  gas  properties.  The  models 
specified  by  the  CASEG,  GRAING  and  MOTORG  have  evaluated  the  motor 
geometry. 

The  CSWM2  model  is  then  executed  and  the  motor  case  weight  is  evaluated 
using  parametric  weight  scaling  equations.  In  addition,  the  case  weight  is 
broken  down  into  expended  and  non-expended  components. 

These  expended  and  non-expended  case  weight  components  will  later  be 
used  by  the  model  specified  lor  the  MOTOR  W model  type  to  determine 
the  motor  weights  and  mass  fractions. 


EQUATIONS: 


Total  case  weight,  no  joints. 


K1  = 


PC3  KFS  PMEo(E>CS0)  6 


K 


UTS 


S WPP 


^pp  ^pp 

MT  MT 


d)_ 

MT  + c L 

10  M'rSKA  CSOI 


K2  = C11  DCS0(‘-  ‘C12 


MEO 


kfs) 


s *. 

V.  - / 


WCSNojt  = Kwcsnoj 


(K1  tKz) 


Case  weight  penalty  per  joint. 


WjTcsu  = kwjtcsu 


K P Fj 

FS  MEO  CS 


T? 


UTS 


'13 


(2) 


Total  joint  weight  penalty. 


W _ = N W 

JT  JT  TT 

J1CS  CSU 


(3) 


Total  case  weight. 


WCS  = KWCS  (WCSNOJT  + WJTCS) 


(4) 


30.  2 -2 


CASEW 


CASE  WEIGHT 


CSWM2 


EQUATIONS  (Cont.  ); 


Total  non -expended  case  weight  component. 

wcsNX  = KWCSNX  WCS 

Total  expended  case  weight  component. 


Expended  (non-thrusting  producing)  case  weight  component. 


W 


CS 


XI 


0 


Expended  (thrust  producing)  case  weight  component. 


W 


CS 


XT 


0 


(5) 


(6) 


(7) 


(8) 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  to  this  model  directly  by  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 


Mnemonic  Symbol 

CCSW8  C8 

CCSW9  C9 

ccswio  c10 

CCSW11  cn 

CCSW12  Cj2 


Description;  Ext.  (Int.  ) Units Preset 

Scaling  constant  for  WCSNOJT  computation; 

N.  D.  0.16 

Scaling  constant  for  WCSNOJT  computation; 

N.  D.  2. 62 

Scaling  constant  for  WCSNOJT  computation; 

N.  D.  6.  09 

Scaling  constant  for  WCSNOJT  computation; 

N.  D.  0.000016 

Scaling  constant  for  WCSNOJT  computation; 

N.  D.  0.  01 


30.  2-3 


CASEW 


CASE  WEIGHT 


CSWM2 


INPUT  DATA,  INTRA-MODEL  (Cont.  ): 


Mnemonic  Symbol 


Description;  Ext.  (Int,  ) Units Preset 


CCSW13 

NJTCS 

KWCS 

KWCSNOJ 

KWCSNX 

KWJTCSU 

RHOCS 


Scaling  constant  for  WJTCSU  computation; 
N.  D.  7. 7 


N 


JT 


CS 


Number  of  joints  in  motor  case; 

N.  D.  0 


KW£g  Proportionality  factor  for  total  case  weight, 

includes  joint  penalty; 

N.  D-  1 


kwcsnoj 


kwcsnx 


Proportionality  factor  for  case  weight,  does 
not  include  joint  penalty; 

N.  D.  1 

Proportionality  factor  fox  .ase  non-expended 
weight  component,  includes  joint  penalty; 

N.  D.  1 


KWJTCSU 


Proportionality  factor  for  the  weight  of  a joint; 
N.  D.  1 


Density  of  composite  glass  case  material; 
lb/in3  0 


INPUT  DATA,  INTER-MODEL: 


This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units Model  Type 


DCSO 


Outside  case  diameter; 
in 


CASEG 


CASEW 

CASE  WEIGHT 

CSWM2 

INPUT  DATA, 

INTER -MODEL  (Cont.  ): 

Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Model  Type 

KCSFS 

kfs 

Case  factor  of  safety; 
N.  D. 

CASEG 

KCSUTS 


LMTSKA 


PCHMEO 

RHOPPMT 


K 


UTS 


'MT 


SKA 


MEO 


PP 


MT 


Ultimate  tensile  strength  for  fiberglass 
filament  case  material; 

lb/in2  CASEG 

Aft  motor  skirt  length.  The  model  assumes 
that  the  fore  and  aft  skirts  have  equal  lengths; 

in  MOTORG 

Maximum  expected  operating  chamber  pressure; 
psia  IBGAS 

Propellent  density; 

lb/in3  PROPELW 


RVPPMT 

WPPMT 


PP 

MT 


W 


PP 


MT 


Motor  volumetric  loading  efficiency; 

N.  D.  MOTORG 

Propellent  weight; 

lb  PROPELW 


OUTPUT  DATA: 


The  following  data  is  output  by  this  model.  It  is  available  for  use  as  inter- 
model input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


wcs  wcs 


Total  case  weight,  includes  joint  penalty; 


WCSNOJT 


W 


cs 


NOJT 


lb 

Total  case  weight,  no  joints; 
lb 


Eq.  4 
Eq.  1 
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CASEW  CASE  WEIGHT  CSWM2 


OUTPUT  DATA  (Cont.  ): 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

WCSNX 

WCS 

UbNX 

Total  non-expended  case  weight  component. 
Includes  joint  penalty; 

lb 

Eq.  5 

WCSX 

wcs 

csx 

Total  expended  case  weight  component; 
lb  Eq.  6 

WCSXI 

wcs 

Cbxi 

Expended  (non-thrust  producing) 
component; 

case  weight 

lb 

Eq.  7 

WCSXT 

wcs 

^ XT 

Expended  (thrust  producing)  case 
component; 

weight 

lb 

Eq.  8 

WJTCS 

WjT 

J *cs 

Total  joint  weight  penalty; 
lb 

Eq.  3 

WJTCSU 

^ JT 
J CSU 

Case  weight  penalty  per  joint; 
lb 

Eq.  2 
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40.  1 

MODEL  TYPE:  GRAING  (GRAIN  Geometry) 

MODEL  NAME;  GNGM1  (cylindrical  central  perforate) 

DESCRIPTION: 

GNGM1  (GraiN  Geometry  Model  number  1)  evaluates  the  pertinent  geometry 
for  a solicl  rocket  propellent  grain  to  be  enclosed  within  a motor  case  having 
a cylindrical  section  with  hemi -ellipsoidal  closures  and  a single  nozzle.  The 
port  is  a cylindrical  central  perforate  with  provision  for  lateral  slot  cutouts, 
lateral  motor  joint  cutouts,  and  a cone  frustum  section  to  accommodate 
a submerged  nozzle.  Provision  is  also  made  for  a cylindrical  grain  length 
penalty  for  the  propellent  displacement  due  to  internal  insulation  in  the  forward 
and  aft  hemi -ellipsoid  closures. 

Reference  52,  "Some  Useful  Theorems  Associated  With  Hemi-Ellipsoids " 
is  the  basis  for  the  derivation  of  the  equations. 


PROCEDURE: 


Prior  to  entering  GNGM1,  the  models  specified  by  the  NOZZLEG  and  CASEG 
model  types  have  determined  the  nozzle  and  case  geometry.  The  model 
specified  by  the  INSULG  model  type  has  determined  (first  entrance)  the 
pertinent  internal  insulation  quantities  required  for  interfacing  between  the 
case  and  grain. 

Upon  the  first  entrance  to  GNGM1,  the  basic  grain  geometry  is  determined  and 
then  adjusted  for  nozzle  submergence.  The  propellent  surface  area  is  computed 
and  the  model  specified  by  the  IBFLOW  model  type  is  executed  to  determine 
the  s lot  length  penalty. 

GNGM1  is  then  entered  for  the  second  time  and  the  grain  is  adjusted  to  account 
for  the  slot  and  joint  volumes.  Using  this  corrected  grain  geometry,  the 
model  specified  for  the  INSULG  model  type  (second  entrance)  evaluates  the 
internal  insulation  geometry  within  the  grain  envelope. 

Upon  the  third  entrance  to  GNGM1,  the  cylindrical  grain  length  is  adjusted 
to  include  the  propellent  displaced  by  the  internal  insulation,  and  the 
remaining  grain  geometry  quantities  are  evaluated. 
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PROCEDURE  (Cont.  ):  j 

After  completing  the  grain  geometry,  the  model  specified  for  the  INSULG 

model  type  is  entered  for  the  third  time  and  the  internal  insulation  geometry  j 

is  completed. 

A block  diagram  illustrating  the  inter -model  coupling  with  the  grain  geometry 
is  included  in  the  documentation  of  the  model  specified  for  the  INSULG 
model  type. 

i 

NOTATION  CONVENTIONS:  i 


| The  following  notation  conventions  are  used  within  this  model  whenever 

1 possible. 


t | 

f First  character  j 

t : 

A Plane  area,  (in  ) I 

D Diameter,  measured  normal  to  centerline,  (in)  i 

K Coefficient  or  bias.  | 

[ L Length,  measured  parallel  to  centerline,  (in)  j 

r Q Associative  quantity.  i 

I R Ratio.  Next  characters ) wall  be  L or  D to  indicate  oiometer  { 

| or  length  ratio.  (N.  D.  ) ; 

ES  Surface  area,  (in2)  j 

T Thickness,  (in)  j 

| V Volume,  (in^)  j 

I Next  two  characters.  ! 
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EQUATIONS,  FIRST  ENTRANCE: 


GENERAL  GRAIN  AND  BASIC  PORT  COMPUTATIONS: 

Diameter  of  cylindrical  grain  section,  (Figures  2,  6) 

°GN  - DILj 

Diameter  of  basic  cylindrical  port  section.  (Figures  2,  3,  4,  6) 
Dpt  = KdPTj  DGN  + KDPT2 

Cross-sectional  area  of  basic  cylindrical  port  section.  (Figure  6) 

.2 


(1) 


(2) 


apt  = Hr")  dpt 

Area  ratio,  basic  cylindrical  port  section  area  to  nozzle  throat  area. 
/.pT 


APTTH  ‘ ^ 


(4) 


TH 


Propellent  web  thickness  for  cylindrical  grain  and  basic  cylindrical  port 
sections.  (Figures  2,  3,  6} 


PP 


WEB 


= ^ DGN  ' UPT  j 


(5) 


Propellent  web  cross-sectional  area  for  cylindrical  grain  and  basic 
cylindrical  port  sections.  (Figure  6) 


LPP. 


Hr“)  (dgn  - DpT) 


(6) 


WEB 

BASIC  CLOSURE  SECTIONS  (FORWARD  / :D  AFT): 
Equatorial  diameter  of  grain  closures.  (Figures  2,  3,  4) 


GN 


= D 


CL 


GN 


(7) 
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EQUATIONS,  FIRST  ENTRANCE  (Cont.  ): 

BASIC  CLOSURE  SECTIONS  (FORWARD  AND  AFT)(Cont.  ): 

Diameter  ratio,  basic  cylindrical  port  section  diameter  to  grain  closure 
equatorial  diameter. 


PT 


DPTCL 


(8) 


GN 


CL 


BASIC  FORWARD  CLOSURE  SECTION: 

Head  ratio  of  ellipsoid  associated  with  the  forward  grain  closure  section. 


RDGNCLF  = RDILCFI 


(9) 


Length  of  hemi-<  llipsoid  associated  with  the  forward  grain  closure  section. 
(Figures  2,  3) 


L 


cnclf  = ^clfi 


(10) 


Volume  of  hemi-ellipsoid  associated  with  the  forward  grain  closure 
section.  (Figure  3) 


'cnclf  2 Hr-) 


'GN 


D, 


CLF 


GN 


CL 


(ID 


Length  of  cylindrical  portion  of  basic  port  within  the  hemi-ellipsoid 
associated  with  the  forward  grain  closure  section.  (Figure  3) 


'PT 


= L 


YCLF 


GN 


1 - R 


CLF 


DPTCL 


(12) 


Volume  of  cylindrical  portion  of  basic  port  within  the  hemi-ellipsoid 
associated  with  the  forward  grain  closure  section.  (Figure  3) 


PT 


YCLF 


'PT 


YCLF 


(13) 
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EQUATIONS,  FIRST  ENTRANCE  (Cont.  ): 

BASIC  FORWARD  CLOSURE  SECTION  (Cont.  ); 

Length  ratio.  Length  of  cylindrical  portion  of  basic  port  within  the  hemi- 
ellipsoid  to  the  length  of  the  hemi-ellipsoid,  forward  grain  closure  section. 


LPTCYF 


' YCLF 


CLF 


Volume  of  ellipsoidal  cap  at  base  of  cylindrical  portion  of  basic  port  section, 
within  the  hemi-ellipsoid  associated  with  the  fotward  grain  closure  section. 
(Figure  3) 


CLF 


EC  LF 


? *1  D X O J 

r ‘ LPTCYF  LPTCYFJ 


Volume  of  basic  port  within  the  hemi-ellipsoid  associated  with  the  forward 
grain  closure  section.  (Figure  3) 


CLF 


ECLF 


YCLF 


Volume  of  propellent  associated  with  the  hemi-ellipsoid  of  the  forward  grain 
closure  section.  Note  that  this  volume  is  an  intermediate  quantity  and  does 
not  include  corrections  for  insulation  wedges,  igniter,  etc.  (Figure  3) 


CLF 


CLF 


Length  of  hemi-ellipsoid  frustum  associated  with  the  forward  grain  closure 
section.  (Figures  2,  3) 


CHF 


"CHFI 


Diameter  of  forward  base  of  hemi-ellipsoid  frustum  associated  with  the 
forward  grain  closure  section.  (Figures  2,  3) 


ila 
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EQUATIONS,  FIRST  ENTRANCE  (Cont,  ): 

BASIC  FORWARD  CLOSURE  SECTION  (Cont.  ): 

Length  ratio.  Length  of  hemi-ellipsoida!  fruBtum  to  length  of  hemi-ellipsoid, 
forward  grain  closure  section. 


■ LGNCHF 


Volume  of  hemi-ellipsoid  frustum  associated  with  the  forward  grain  closure 
section.  (Figure  3) 


LGNCHF  ‘ R LGNCHF 


BASIC  AFT  CLOSURE  SECTION: 

Head  ratio  of  ellipsoid  associated  with  the  aft  grain  closure  section. 

RDGNCLA  = RDILCAI  (2 

Length  of  hemi-ellipsoid  associated  with  the  aft  grain  closure  section. 
(Figures  2,  4) 

L~ »,  = L . . (2 

gncla  ilclai 

Volume  of  hemi-ellipsoid  associated  with  the  aft  grain  closure  section. 
(Figure  5 ) 

V = UL-)  L~ . D2  , (2 

gncla  CNc  La  gncl 

Length  of  cylindrical  portion  of  basic  port  within  the  hemi-ellipsoid 
associated  with  the  aft  grain  closure  section.  (Figure  4) 


'PTYCLA  2 LCNCLA 


V‘-R 


2 

OPT  CL 
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EQUATIONS,  FIRST  ENTRANCE  (Cont.  ): 
BASIC  AFT  CLOSURE  SECTION  (Cont.  ): 


Volume  of  cylindrical  portion  of  basic  port  within  the  hemi -ellipsoid 
associated  with  the  aft  grain  closure  section.  (Figure  5) 


YCLA 


- 


Lpr  ^PT 

1 YCLA 


Length  ratio.  Length  of  cylindrical  portion  of  basic  port  within  the  hemi- 
ellip8oid  to  the  length  of  the  hemi-ellipsoid,  aft  grain  closure  section. 


‘LPTCY A 


YCLA 


CLA 


Volume  of  ellipsoidal  cap  at  base  of  cylindrical  portion  of  basic  port  section 
within  the  hemi-ellipsoid  associated  with  the  aft  grain  closure  section. 
(Figure  5) 


ECLA 


l2  * 3 RLPTCYA  + RLPTCYA 


Volurr  of  basic  port  within  the  hemi-ellipsoid  associated  with  the  aft  grain 
closure  section.  (Figure  5) 


= V + V 

■ PT  PT 

CLA  1 ECLA 


YCLA 


Volume  of  propellent  associated  with  the  hemi-ellipsoid  of  the  aft  grain 
closure  section.  Note  that  this  volume  is  an  intermediate  quantity  and  does 
not  include  corrections  for  nozzle  submergence,  insulation  wedges,  etc. 
(Figure  5) 


CLA 


CLA 


CLA 


Length  of  hemi-ellipsoid  frustum  associated  with  the  aft  grain  closure  section. 
(Figures  2,  4) 

L™  = L. , (31) 

GNCHA  ^lchai 
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EQUATIONS,  FIRST  ENTRANCE  (Cont.  ): 
BASIC  AFT  CLOSURE  SECTION  (Cont.  ): 


Diameter  of  aft  base  of  hemi-eliipsoid  frustum  associated  with  the  aft 
grain  closure  section.  (Figures  2,  4) 


D 


GN 


= D, 


HA 


IL 


HAI 


(32) 


Length  ratio.  Length  of  hemi -ellipsoid  frustum  to  length  of  hemi-ellipsoid, 
aft  grain  closure  section. 


RLGNCHA  ~ 


"GN 


CHA 


"GN 


CLA 


(33) 


Volume  of  hemi-ellipsoid  frustum  associated  with  the  aft  grain  closure 
section.  (Figure  5) 


GN 


CHA 


LGNCHA  " 


‘ LGNCHA , 


(34) 


BASIC  CYLINDRICAL  GRAIN  SECTION: 


Volume  of  propellent  within  basic  cylindrical  grain  section.  Does  not 
include  displaced  propellent  corrections  for  nozzle  submergence  or  internal 
ins  ulation. 


PP 


= V 


CY1 


PP 


MT 


PP 


- V 


CLF 


PP 


CLA 


(35) 


Length  of  basic  cylindrical  grain  section.  Does  not  include  length 
penalties  for  nozzle  submergence,  slots,  joints,  or  internal  insulation. 
(Figure  2) 


"GN 


CY1 


PP 


CY1 


PP 


WEB 


(36) 


Length  of  diameter  ratio,  basic  cylindrical  grain  section.  Does  not  include 
penalties  for  nozzle  submergence,  slots,  joints,  or  internal  insulation. 


RLDGNY1 


"GN 


CV  1 


GN 


(37) 
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EQUATIONS,  FIRST  ENTRANCE  (Cont.  ): 

BASIC-  CYLINDRICAL  PORT  SECTION; 

Total  length  of  cylindrical  portion  of  basic  port.  Does  not  include 
adjustments  for  nozzle  submergence,  slots,  joints  or  internal  insulation. 


YCLA 


YCLF 


CORRECTIONS  TO  BASIC  GRAIN  FOR  NOZZLE  SUBMERGENCE: 
Distance  nozzle  is  submerged  in  port.  (Figure  4) 

LPT NS  = ^ZB  ' hhlA  ' L°SHA  1 

Distance  nozzle  is  submerged  in  cylindrical  grain  section.  (Figure  4) 


'NSCY 


CHA 


Diameter  ratio,  port  cone  frustum  section  aft  base  diameter  to  grain  closure 
equatorial  diameter. 


“DCFACL 


CFA 


Length  of  portion  of  port  cone  frustum  section  within  aft  grain  closure 
section.  (Figures  2,  4) 


1 - R 


CFCA 


CLA 


DCFACL 


Submerged  nozzle  inlet  allowance.  (Figure  4) 


NZI  CFHA  NS 

Length  of  portion  of  port  cone  frustum  section  within  cylindrical  grain 
section.  (Figures  2,  4) 


CFCY 


NSCY 
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EQUATIONS,  FIRST  ENTRANCE  (Cont.  ): 

CORRECTIONS  TO  BASIC  GRAIN  FOR  NOZZLE  SUBMERGENCE  (Cont.  ): 


Total  length  of  port  cone  frustum  section.  (Figures  2,  4,  6) 


"PT 


= L 


CF 


PT 


+ L 


CFCY 


PT 


CFCA 


Half-angle  of  port  cone  frustum  section.  (Figure  2) 


DPT^A  ' dpt 


#£  p = arctan 


CFA 

TT 


CFF 


PT 


CF 


Slant  height  of  port  cone  frustum  section.  (Figure  4) 

= ("2 


"PT 


CFS 


4 L 


PT 


CF 


+ (dPT 


CFA 


ptcff) 


Total  volume  of  port  cone  frustum  section.  (Figure  5) 


ptcf  = (-fr)  lptcf  (d—  + d 


q2  + 

UPT  ^PT 

CF  \ ^ 1 CFA  1 CFF 


+ D 


PT 


D 


(45) 


(46) 


(47) 


(48) 


CFA 


ptcff) 


Length  ratio,  length  of  portion  of  port  cone  frustum  section  within  aft 
grain  closure  section  to  length  of  aft  grain  closure  section.  (Figure  4) 


"PT 


CFCA 


‘LCFCA 


"GN 


CLA 


(49) 


Volume  of  ellipsoidal  cap  at  aft  base  of  port  cone  frustum  section  within  aft 
grain  closure  section.  (Figure  5) 


GN 


CLA 


PT 


ECFA 


2 - i R,  - __  . + 
LCFC  A 


R 


LCFCAJ 


(50) 


Volume  of  basic  port  portion  of  port  cone  frustum  section  within  cylindrical 
grain  section.  ( Figure  5) 


PT 


CFCY 


"PT 


CFCY 


(51) 
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EQUATIONS,  FIRST  ENTRANCE  (Cont.  ): 

CORRECTIONS  TO  BASIC  GRAIN  FOR  NOZZLE  SUBMERGENCE  (Gont.  ): 
Volume  of  basic  port  section  associated  with  nozzle  submergence.  (Figure  5) 


V pr  = Vp«  + Vp-, 

*^cycf  ^aCFCY  *^CLA 


(52) 


Volume  of  propellent  displaced  due  to  nozzle  submergence.  (Figure  5) 


VpPPDNS  PTCF  ^ECFA  PTCYCF 


(53) 


Cylindrical  grain  length  penalty  required  for  propellent  displaced  by  nozzle 
submergence.  (Figure  2) 


PP 


"GN 


= K 


PDNS' 


PDNS 


GN1  \APP 


+ K 


GN. 


(54) 


WEB 


Adjusted  length  of  cylindrical  grain  section,  includes  nozzle  submergence 
penalty.  (Figure  2) 


JGN 


= L. 


CY2 


GN 


+ L 


CY1 


GN 


PDNS 


(55) 


Length  to  diameter  ratio,  cylindrical  grain  section.  Includes  nozzle 
submergence  penalty. 


"GN 


R 


CY2 


LDGNY2 


GN 


(56) 


Adjusted  length  of  cylindrical  port  section.  Includes  nozzle  submergence 
penalty.  (Figure  6) 

Lp~  “ kpT  " kpf  - Lp„  + ^r;N  (57) 

ACY2  aCY1  riYCLA  * 1 CFCY  °^PDNS 

PROPELLENT  BURNING  SURFACE: 

Port  surface  area  component,  lateral  cylindrical  port  propellent  surface 
area.  (Figure  6) 

^PT  = n ^PT  ^"PT 
^ 1 CY2  1 CY2 


(58) 
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EQUATIONS,  FIRST  ENTRANCE  (Cont.  ): 

PROPELLENT  BURNING  SURFACE  (Cont.  ): 

Port  surface  area  component,  lateral  cone  frustum  port  propellent  surface 
area.  (Figure  6) 

SPTCFS  ' (-H  LPTCFS  (dptcff  + dptcfa)  (5,) 


Port  surface  area  component,  forward  base  of  port  cone  frustum  propellent 
surface  area..  (Figure  6) 


CFB 


(“T")  (’ 


) 2 _ d ^ ) 

ptcff  upt) 


Propellent  surface  area  associated  with  the  port.  Includes  submerged 
nozzle  corrections. 

SpT  = Spn,  + Sp~,  + Spp  (( 

^XCY2  ^iCFS  aCFB 

Initial  propellent  burning  surface  area,  excluding  slots.  (Figure  6) 

sbspt  = spt2  (( 


EQUATIONS,  SECOND  ENTRANCE: 

CORRECTIONS  TO  GRAIN  FOR  SLOTS  AND  JOINTS: 

Cylindrical  grain  section  length  penalty  for  slots.  (Figure  2) 

LrN  = K L + K (63) 

GNSL  GN3  SLGN  GN4 

Adjusted  length  of  cylindrical  grain  section,  includes  nozzle  submergence 
and  slot  penalties.  (Figure  2) 

^GN  ~ ^GN  + ^CN  (64) 

U CY3  U™CY?,  UINSL 


40.  1-12 


GRAIN  GEOMETRY 


EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 

CORRECTIONS  TO  GRAIN  FOR  SLOTS  AND  JOINTS  (Cont.  ): 

Length  to  diameter  ratio,  cylindrical  grain  section.  Includes  nozzle 
submergence  and  slot  penalties. 


LDGNY3  “ 

GN 

Adjusted  length  of  cylindrical  grain  section,  includes  nozzle  submergence, 
slot  and  joint  penalties.  (Figure  2) 


CY4  CY3  CUT 

Length  to  diameter  ratio,  cylindrical  grain  section.  Includes  nozzle 
submergence,  slot  and  joint  penalties. 


LDGNt'4 


EQUATIONS,  THIRD  ENTRANCE: 


CORRECTIONS  TO  GRAIN  FOR  INTERNAL  INSULATION: 


Cylindrical  grain  length  penalty  for  propellent  displaced  by  internal 
insulation,  (Figure  2) 


PDIN 


WEB 


+ K,,M 

CN, 


Adjusted  length  of  cylindrical  grain  section,  includes  nozzle  submergence, 
slot,  joint,  and  internal  insulation  penalties.  (Figure  2) 

*"GN  “ ^GN  + ^‘GN  (by) 

uinCY5  urJCY4  uinPDIN 

Length  to  diameter  ratio,  cylindrical  grain  section.  Includes  nozzle 
submergence,  slot,  joints,  and  internal  insulation  penalties. 


' LDGNY5 
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EQUATIONS,  THIRD  ENTRANCE  (Cont.  ): 


TOTAL  GRAIN  GEOMETRY: 


Length  of  cylindrical  grain  section.  Includes  nozzle  submergence,  slot, 
joint  and  internal  insulation  penalties.  (Figure  2) 

LGNcy  = KGN7  L«cyj  + KGN8  «71 

Length  to  diameter  ratio,  cylindrical  grain  section.  Include?  nozzle 
submergence,  slot,  joint  and  internal  insulation  penalties. 


RLDGNCY 


'CY 


(72) 


Volume  of  cylindrical  grain  section.  Includes  port,  submerged  nozzle 
penalty,  slots,  joints  and  intern;  ! insulation  except  liner. 


GN 


= L 


CY 


HS 


JGN 


d: 


CY 


GN 


(73) 


Volume  of  grain  envelope.  Includes  port,  submerged  nozzle  penalty,  slots, 
joints  and  all  internal  insulation  except  liner.  Note  that  the  grain  closures 
are  hemi-ellipsoid  frustums,  not  hemi-ellipsoids . 


VGN  * VGFoy  ‘ VGNchf  + VGNCHA 


(74) 


Length  of  grain  envelope.  Includes  nozzle  submergence,  slot,  joint  and 
internal  insulation  penalties.  (Figure  2) 

LGN  = LGNcy  + LGNCHF  * LGNCHA 

ASSOCIATIVE  QUANTITIES: 


The  following  associative  quantities  are  intended  solely  for  optional 
utilization  by  the  program  user.  Their  primary  usage  is  for  optional  inter- 
model coupling  and  for  forming  constraint  quantities. 


qdcfai  = kqdcfai  dptcfa 


(76) 
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EQUATIONS,  THIRD  ENTRANCE  (Cont.  ): 

ASSOCIATIVE  QUANTITIES  (Cont.  ): 

QDCFA2  = KQDCFA2  DPTcfa  (77) 

°DCFA3  = KQDCFA3  DPTcfa  (78) 

qdcffi  = kqdcffi  dptcff  (79) 

°DCFF2  = KQDCFF2  UPTcff  *80) 

QDCFF3  = KQDCFF3  DPTcff  (81* 

qdgni  = kqdgni  dgn  ^82) 

°DGN2  = KQDGN2  °GN  (83) 

QDGN3  = KQDGN  3 °GN  (84) 

°DPT1  = kqdfti  dpt  ^85^ 

QDPT2  " KQDPT2  °PT  '86^ 

°DPT3  = KQDPT3  DPT  *87) 

^RAPTHI  = KQRAPH1  RAPTTH  (88) 

QRAPTH2  = KQRAPH2  RAPTTH  (89> 

QRAPTH3  = KQRAPH3  RAPTTH  (9°* 
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OPTIMIZATION  CONSIDERATIONS: 

Generally,  the  nature  of  the  problem  which  would  require  usage  of  this 
model  would  also  require  that  the  following  variables  and  constraints  be 
set  up  by  the  program  user. 

Variables. 


Suggested  nominal  values  for  initial  estimates  of  the  variable  values  and 
bounds  are  included  for  each  optimization  variable  listed  below.  These  values 
are  only  guidelines,  applicable  to  a very  wide  class  of  problems,  and  values 
corresponding  to  the  specific  application  (quantities  within  parenthesis) 
should  be  used  if  they  are  easily  available. 

KDPT1  Port  fraction.  The  following  values  will  insure  that 

a propellent  v.eb  is  always  defined. 

Upper  bound:  0.  9 

Lower  bound:  0.  1 
Initial  estimate:  0.  2 


DPTCFF 


DPTCFA 


LPTCFHA 


Diameter  of  forward  base  of  port  cone  frustum  section. 
(Figures  2,  4) 

Upper  bound:  500.  (approximate  case  diameter) 

Lower  bound:  5. 

Initial  estimate:  approximate  port  diameter 

Diameter  of  aft  base  of  port  cone  frustum  section. 
(Figures  2,  4) 

Upper  bound:  500.  (approximate  cr.se  diameter) 

Lower  bound:  5. 

Initial  estimate:  approximate  port  diameter 

Distance  from  forward  base  of  port  cone  frustum 
section  to  aft  base  of  grain  envelope.  (Figure  2) 

Upper  bound:  approximate  length  of  case 
Lower  bound:  zero 

Initial  estimate:  approximate  length  nozzle  is  buried 
within  case 


Constraints. 

The  following  set  of  inequality  constraints  are  formulated  such  that  the  motor 
volumetric  loading  efficiency  (see  MOTORG  model  type)  will  be  maximum  if 
a minimum  vehicle  length  (fixed  diameter)  objective  function  is  being  utilized. 
For  other  objective  functions,  some  of  these  constraints  may  require 
implementation  as  equality  conctraints. 
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OPTIMIZATION  CONSIDERATIONS  (Cont.  ): 

Conatrainta  91  through  96  are  required  for  "shaping”  the  port  cone  frustum 
grain  cutout  utilized  for  submerged  nozzle  geometry.  It  should  be  noted 
that  these  constraints  should  always  be  set  up,  even  if  the  nozzle  is  not 
submerged. 

The  forward  base  diameter  of  the  port  cone  frustum  section  is  greater 
than,  or  equal  to,  the  port  diameter.  (Figures  2,  4) 


PT 


CFF 


PT 


(91) 


The  aft  base  diameter  of  the  port  cone  frustum  section  is  less  than,  or 
equal  to,  the  grain  diameter.  (Figures  2,  4) 


PT 


CFA 


« D 


GN 


(92) 


The  aft  base  diameter  of  the  port  cone  frustum  section  is  greater  than,  or 
equal  to,  the  forward  base  diameter  of  the  port  cone  frustum  section. 
(Figures  2,  4) 


PT 


CFA 


> D 


PT 


CFF 


(93) 


The  aft  base  diameter  of  the  port  cone  frustum  section  is  greater  than,  or 
equal  to,  the  diameter  of  the  hole  in  the  aft  closure  required  for  the  nozzle. 
(Figures  2,  4) 


PT 


CFA 


GN 


HA 


(94) 


Nozzle  inlet  allowance.  Sufficient  space  must  be  provided  forward  of  the 
nozzle  inlet  to  allow  flow  from  the  port  cone  frustum  section  to  the  nozzle 
entrance.  QDNZENT  and  QDNZTH  are  associative  quantities  which  must 
be  set  up,  by  the  program  user,  in  the  nozzle  geometry  model.  (Figure  4) 


LpT  ? 

NZI 

QDNZENT 

(95) 

DpT  > 

~ 1 CFF 

QDNZTH 

(96) 

The  cylindrical  grain  section  length  must  be  greater  than,  or  equal  to, 
zero  for  valid  closure  geometry.  (Figure  2) 


"GN 


> 0 


(97) 


CY 
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OPTIMIZATION  CONSIDERATIONS  (Cont.  ): 

The  nozzle  entrance  must  be  within  the  port.  (Figure  4) 


ptcfha‘  Lcn 

(98) 

PT  ' 0 
NS 

(99) 

Considerations  of  structural  integrity  of  the  grain  and  acceptable  internal 
ballistics  limit  feasible  values  of  the  port  fraction. 

KDPTl  ? 0,2  (100) 


To  avoid  unacceptable  nozzle  erosion,  a lower  bound  in  placed  upon  the 
ratio  of  the  cylindrical  port  section  cross  section  area  to  the  nozzle  throat 
area.  ( Note  that  this  constrain'  cor  responds  to  a lower  limit  of  port 
fraction.  ) 

RAPTTH  i 1.  15  (101) 
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INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  directly  to  this  model  by  the  program  user.  If  a 
value  is  not  input,  the  preset  value  is  used. 

Due  to  the  nature  of  this  model,  many  of  the  following  required  user  inputs 
will  be  optimization  variables.  See  the  "Optimization  Considerations"  section. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


Preset 


DPTCFA 


DPTCFF 


KDPT1 


CFA 


CFF 


‘DPT, 


Diameter  of  aft  base  of  port  cone  frustum 
section; 

in  Figs.  2,  4,  6 0 

Diameter  of  forward  base  of  port  cone 
frustum  section; 

in  Figs.  2,  4,  6 0 

Coefficient  relating  the  diameter  of  the 
cylindrical  section  of  the  port  to  the  diameter 
of  the  cylindrical  grain  section.  See  DPT 
computation,  equation  2. 

N.  D.  0 


KDPT2 


kDPT. 


Bias  for  DPT  computation; 


LJTCUT 


LPTCFHA 


CUT 


CFHA 


Total  length  of  cutout,  with  n the  cylindrical 
grain  section,  for  joints.  Does  not  include 
slot  lengths  if  a slot  is  being  utilized  as  a 
joint; 

in  Fig.  2 0 

Distance  from  forward  base  of  the  port 
cone  frustum  section  to  the  aft  base  of  the 
hemi -ellipsoid  frustum  associated  with  the 
aft  grain  closure  section; 

in  Figs.  2,  4 0 
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INPUT  DATA,  INTRA-MODEL  {Cont.  ): 

The  following  coefficient  and  bias  quantities  are  made  available  for  input. 
However,  in  normal  applications,  the  preset  values  are  used  for  most,  if  not 
all,  of  these  quantities.  Note  that  these  coefficient  quantities  are  preset  (1) 
and  the  bias  quantities  are  preset  (0). 


Mnemonic 


Symbol 


Description;  Ext.  (Int.)  Units 


Preset 


KGN1 

kgn. 

KGN2 

kgn. 

t 

KGN3 

kgn 

KGN4 

kgn 

KGN5 

kgn 

KGN6 

kgn 

KGN7 

kgn 

KGN8 

KuN 

8 


Coefficient  for  LGNPDNS  computation; 
N.  D.  1 

Bias  for  LGNPDNS  computation; 
in  0 

Coefficient  for  LGNSL  computation; 

N.  D.  1 

Bias  for  LGNSL  computation; 
in  0 

Coefficient  for  LGNPDIN  computation; 
N.  D.  1 

Bias  for  LGNPDIN  computation; 
in  0 

Coefficient  for  LGNCY  computation; 

N.  D.  1 


Bias  for  LGNCY  computation; 
in 


0 


The  following  associative  quantity  coefficients  are  intended  solely  for 
optional  utilization  by  the  program  user.  Their  primary  usage  is  for 
optional  inter-model  coupling  and  for  forming  constraint  quantities.  Note 
that  all  associative  quantity  coefficients  are  preset  (0). 


KQ DCFA1 


K 


QDCFA1 


Associative  quantity  coefficient  for 
QDCFA1  computation; 

N.  D. 
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f W INPUT  DATA,  INTRA-MODEL  (Cont. ): 


Mnemonic 

Symbol 

Description;  Ext.  (Int. ) Units 

Preset 

KQDCFA2 

KQDCFA2 

Associative  quantity  coefficient  for 
QDCFA2  computation; 

N.  D. 

0 

KQDCFA3 

KQDCFA3 

Associative  quantity  coefficient  for 
QDCFA3  computation; 

N.  D. 

0 

KQDCFF1 

kqdcffi 

Associative  quantity  coefficient  for 
QDCFF1  computation; 

N.  D. 

0 

KQDCFF2 

KQDCFF2 

Associative  quantity  coefficient  for 
QDCFF2  computation; 

N.D. 

KQDCFF3 

KQDCFF3 

Associative  quantity  coefficient  for 
QDCFF3  computation; 

N.  D. 

KQDGN1 

kqdgni 

Associative  quantity  coefficient  for 
QDGN1  computation; 

N.  D. 

KQDGN2 

KQDGN2 

Associative  quantity  coefficient  for 
QDGN2  computation; 

N.  D. 

KQDGN3 

KQDGN3 

Associative  quantity  coefficient  for 
QDGN3  computation; 

N.  D. 

KQDPT1 

kqdpti 

Associative  quantity  coefficient  for 
QDPT1  computation; 

N.  D. 

KQDPT2 

KUDPT2 

Associative  quantity  coefficient  for 
QDPT2  computation; 

N.  D. 
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INPUT  DATA,  INTRA-MODEL  (Cont.  ): 


Mnemonic 

Symbol 

Description;  Ext.  (Int. ) Units 

Preset 

KQDPT3 

KQDPT3 

Assoc:  ative  quantity  coefficient  for 
QDPT3  computation; 

N.  D. 

0 

KQRAPH1 

KQRAPH! 

Associative  quantity  coefficient  for 
QRAPTH3  computation; 

N.  D. 

0 

KQRAPH2 

KQRAPH2 

Associative  quantity  coefficient  for 
QRAPTH2  computation; 

N.  D. 

0 

KQRAPH3 

KQRAPH3 

Associative  quantity  coefficient  for 
QRAPTH3  computation; 

N.  D. 

0 

INPUT  DATA,  INTER -MODEL: 


This  model  requires  as  input  certair  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  no'  specified  such  a 
source  for  this  data,  then  It  must  be  input  directly  with  the  intra -model  input. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Model  Type 

ANZTH 

iN'4Z 

IN4tk 

Nozzle  throat  area; 

. 2 
in 

NOZZLEG 

DILHAI 

dil 

ILHAl 

Diameter  of  circular  hole,  for 
within  the  inside  surface  of  the 

the  nozzle, 
insulation 

liner  associated  with  the  aft  closure  section; 
in  INSULG 

DILHFI  ^IL  Diameter  of  circular  hole,  for  the  igniter, 

HFI  within  the  inside  surface  of  the  insulation 

liner  associated  with  the  forward  closure 
section; 

in  INSULG 


I 

] 
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INPUT  DATA, 

Mnemonic 

DILI 

LCSHA 

LILCHAI 

LILCHFI 

LILCLAI 

LILCLFI 

LILHA 

LNZB 


INTER-MODEL  (Cont.  ): 


Symbol 


Description;  Ext.  (Int.  ) Units Model  Type 


D 


IL, 


JCS 


HA 


hL 


CHAI 


hL 


CHFI 


"IL 


CLAI 


'IL 


CL  FI 


^IL 


HA 


Sc 


'B 


Inside  diameter  of  the  insulation  liner 
within  the  case  cylindrical  section; 

in  INSULG 

Length  of  hole,  for  the  nozzle,  within  the 
case  associated  with  the  aft  case  closure 
section; 

in  Figs.  2,  4 CASEG 

Length  of  hemi-ellipsoid  frustum  associated 
with  the  inside  surface  of  the  insulation 
liner  within  the  aft  case  closure; 

in  INSULG 

Length  of  hemi-ellipsoid  frustum  associated 
with  the  inside  surface  of  the  insulation  liner 
within  the  forward  case  closure  section; 

in  INSULG 

Length  of  the  hemi-ellipsoid  associated  with 
the  inside  surface  of  the  insulation  liner 
within  the  aft  case  closure  section; 

in  INSULG 

Length  of  the  hemi-ellipsoid  associated 
with  the  inside  surface  of  the  insulation  liner 
within  the  forward  case  closure  section; 

in  INSULG 

Length  of  the  hole,  for  the  nozzle,  within 
the  insulation  liner  associated  with  the 
aft  case  closure  section; 

in  Figs.  2,  4 INSULG 

Distance  nozzle  is  buried  wi  thin  the  case; 
in  Fig.  4 NOZZLEG 
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INPUT  DATA,  INTER-MODEL  (Cont.  ): 


Mnemonic 


Symbol  Description;  Ext.  (Int. ) Units Model  Type 


LSLGN 

RDILCAI 

RDILCFI 

VINPD 

VPPMT 


Total  slot  length; 
in 


IBFLOW 


RDILCAI 


rdilcfi 


PP, 


MT 


Head  ratio,  inside  surface  of  insulation  liner 
associated  with  the  aft  case  closure  section; 

N.  D.  INSULG 

Head  ratio,  inside  surface  of  insulation 
liner  associated  with  the  forward  case 
closure  section; 

N.  D.  INSULG 

Volume  of  propellent  displaced  by  internal 
insulation,  excluding  liner; 

in3  INSULG 

Propellent  volume; 

in3  PROPW 


OUTPUT  DATA: 


The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


APPWEB 


APT 


kPP 


WEB 


APT 


Propellent  web  area.  Cross  sectional  area 
of  propellent  volume  bounded  by  the 
cylindrical  grain  section  and  basic 
cylindrical  port  section; 

in2  Fig.  6 Eq.  6 

Cross  sectional  area  of  basic  cylindrical 
section; 

in2  Fig.  6 Eq.  3 
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OUTPUT  DATA  (Cont.  ): 


Mnemonic 

DGN 

DGNC  L 


Symbol 

°GN 


GN 


CL 


DGNHA 


DGNHF 


D°NHA 

dcnhf 


DPT 

LGN 


PT 

GN 


LGNCHA 


"GN 


CHA 


Description;  Ext.  (Int.  ) Unite 


Diameter  of  cylindrical  grain  section; 
in  Figs.  2,  6 Eq.  1 

Equatorial  diameter  of  hemi-ellipsoids 

associated  with  the  forward  and  aft  grain 
closure  sections; 

in  Figs.  2,  3,  4 Eq.  7 

Diameter  of  aft  base  of  the  hemi-ellipsoid 
frustum  associated  with  the  aft  grain 
closure  section; 

in  Figs.  2,  4 Eq.  32 

Diameter  of  forward  base  of  the  hemi- 
ellipsoid  frustum  associated  with  the  forward 
grain  closure  section; 

in  Figs.  2,  3 Eq.  19 

Diameter  of  basic  cylindrical  port  section; 
in  Figs,  2,  3 4,  6 Eq.  2 

Length  of  grain  envelope.  Distance  between 
the  forward  base  of  the  hemi-ellipsoid 
frustum  associated  with  the  forward  grain 
closure  section  and  the  aft  base  of  the 
hemi-ellipsoid  frustum  associated  with  the 
aft  grain  closure  section.  Includes  length 
penalties  for  nozzle  submergence,  slots, 
joints  and  internal  insulation; 

in  Fig.  2 Eq.  75 

Length  of  the  axis  of  revolution  of  the  hemi- 
ellipsoid  frustum  associated  with  the  aft 
grain  closure  section; 

in  Figs.  2,  4 Eq,  31 
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OUTPUT  DATA  (Cont.  ): 
Mnemonic  Symbol 

LGNCHF  L, 


LGNCLA 


LGNCLF 


LGNCY 


LGNCY1 


LGNCY2 


LGNCY3 


LGNCY4 


"GN 


CHF 


JGN 


CLA 


"GN 


CLF 


"GN 


CY 


"GN 


CY1 


JGN 


CY2 


JGN 


CY3 


JGN 


CY4 


Description;  Ext.  (Int.  ) Units 

Length  of  the  axis  of  revolution  of  the  herni  - 
ellipsoid  frustum  associated  with  the  forward 
grain  closure  section; 

in  Figs.  2,  3 Eq.  18 

Length  of  the  axis  of  revolution  of  the  hemi- 
ellipsoid  associated  with  the  aft  grain 
closure  section; 


in 


Figs.  2,  4 


Eq.  23 


Length  of  the  axis  of  revolution  of  the  hemi- 
ellipsoid  associated  with  the  forward  grain 
closure  section; 


in 


Figs.  2.  3 


Eq.  10 


Length  of  cylindrical  grain  section.  Includes 
length  penalties  for  nozzle  submergence, 
slots,  joints,  and  internal  insulation; 

Fig.  2 


in 


Eq.  71 


Length  of  basic  cylindrical  grain  section. 
Does  not  include  length  penalties  for  nozzle 
submergence,  slots,  joints  and  internal 
insulation; 


in 


Fig.  2 


Eq.  36 


Length  of  cylindrical  grain  section.  Includes 
length  penalty  for  nozzle  submergence; 

Fig.  2 Eq.  55 


in 


Length  of  cylindrical  grain  section.  Includes 
length  penalties  for  nozzle  submergence 
and  slots; 


in 


Fig.  2 


Eq.  64 


Length  of  cylindrical  grain  section.  Includes 
length  penalties  for  nozzle  submergence, 
slots  and  joints; 

in  Fig.  2 Eq.  66 


u 


! t 
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OUTPUT  DATA  (Cont.  ): 


Mnemonic 


Symbol 


Description;  Ext.  (Int. ) Unite 


LGNCY5 


LGNNSCY 


LGNPDIN 


LGNPDNS 


LGNSL 


LPTCF 

LPTCFCA 


LPTCFCY 


LPTCFS 


JGN 


CY5 


"GN 


"GN 


JGN 


L 


GN 


"PT 


"PT 


'PT 


'PT 


NSCY 


PDIN 


PDNS 


SL 


CF 

CFCA 


CFCY 


CFS 


Length  of  cylindrical  grain  section.  Includes 
length  penalties  for  nozzle  submergence, 
slots,  joints  and  internal  insulation; 

in  Fig.  2 Eq.  69 

Distance  nozzle  is  submerged  in  cylindrical 
grain  section; 

in  Fig.  4 Eq.  40 

Cylindrical  grain  section  length  penalty  for 
propellent  displaced  by  internal  insulation; 

in  Fig.  2 Eq.  68 

Cylindrical  grain  section  length  penalty  for 
propellent  displaced  by  submerged  nozzle; 

in  Fig.  2 Eq.  54 

Cylindrical  grain  section  length  penalty  for 
slot  cutouts; 

in  Fig.  2 Eq.  63 

Total  length  of  port  cone  frustum  section; 
in  Figs.  2,  4,  6 Eq.  45 

Length  of  the  portion  of  the  port  cone  frustum 
section  within  the  aft  grain  closure  section; 

in  Figs.  2,  4 Eq.  42 

Length  of  the  portion  of  the  port  cone  frustum 
section  within  the  cylindrical  grain  section; 

in  Figs.  2,  4 Eq.  44 

Slant  height  of  port  cone  frustum  section; 
in  Fig.  4 Eq.  47 
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OUTPUT  DATA  (Cont.  ): 


Mnemonic 


Symbol 


LPTCY1 


LpT 


CY1 


LPTCY2  LpT 

*^CY2 


LPTNS 

LpT 

LPTNZI 

LpT 

^XNZI 

LPTYCLA 

LpT 

*^YCLA 

lptyclf 

LpT 

^XYCLF 

QDCFAl 

qdcfai 

QDCFA2 

QDCFA2 

QDCFA3 

QDCFA3 

Description;  Ext.  (Int.  ) Units 

Total  length  of  cylindrical  portion  of  basic 
pert.  Does  not  include  adjustments  for 
nozzle  submergence,  slots,  joints  nor 
internal  insulation; 

in  Pig*  2 Eq.  38 

Length  of  cylindrical  port  section.  Includes 
nozzle  submergence  penalty; 

in  Figs.  2,  6 Eq.  47 

Distance  nozzle  is  submerged  into  port; 
in  Fig.  4 Eq.  39 

Submerged  nozzle  inlet  allowance; 
in  Fig.  4 Eq.  43 

Length  of  cylindrical  portion  of  the  basic 
port  within  the  hem; -ellipsoid  associated  with 
the  aft  grain  closure  section; 

in  Fig.  4 Eq.  25 

Length  of  cylindrical  portion  of  the  basic 
port  within  the  hemi  -ellipsoid  associated 
with  the  forward  grain  closure  section; 

in  Eq.  1 2 

Associative  quantity,  port  cone  frustum 
section  aft  base  diameter.  See  DPTCFA; 

in  Eq.  76 

Associative  quantity,  port  cone  frustum 
section  aft  base  diameter.  See  DPTCFA; 

in  Eq.  77 

Associative  quantity,  port  cone  frustum 
section  aft  base  diameter.  See  DPTCFA; 

in  Eq.  78 
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OUTPUT  DA' 

Mnemonic 

QDCFF1 

QDCFF2 

QDCFF3 

QDGN1 

QDGN2 

QDGN3 

QDPT1 

QDPT2 

QDPT3 


(Cont. ): 
Symbol 

°DCFF1 

°DCFF2 

QDCFF3 

°DGN1 

°DGN2 

QDGN3 

Qdpti 

QDPT2 

QDPT3 


Description;  Ext,  (frit.)  Units 


Associative  quantity,  port  core  frustum 
section  forward  base  diameter.  See  DPTCFF; 

in  Eq.  7 9 

Associative  quantity,  port  cone  frustum 
section  forward  base  diameter.  See  DPTCFF; 

in  Eq.  80 

Associative  quantity,  port  cone  frustum 
section  forward  base  diameter.  See  DPTCFF; 

in  Eq.  81 

Associative  quantity,  cylindrical  grain  section 
diameter.  See  DGN; 

in  Eq.  82 

Associative  quantity,  cylindrical  grain  section 
diameter.  See  DGN; 

in  Eq.  83 

Associative  quantity,  cylindrical  grain  section 
diameter.  See  DGN; 

in  Eq.  84 

Associative  quantity,  basic  cylindrical  port 
section  diameter.  See  DPT; 

in  Eq.  85 

Associative  quantity,  basic  cylindrical  port 
section  diameter.  See  DPT; 

in  Eq.  86 

Associative  quantity,  basic  cylindrical  port 
section  diameter.  See  DPT; 

in  Eq.  87 


I 
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GRAIN  GEOMETRY 


GNGMl 


OUTPUT  DATA  (Cont.  }: 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


QRAPTH1 


QRAPTH2 


QRAPTH3 


RAPTTH 


'R  APT  HI 


“'RAPTHZ 


'RAPTH3 


"APTTH 


Associative  quantity,  port  to  nozzle  throat 
area  ratio.  See  RAPTTH; 


N.  D. 


Eq.  88 


Associative  quantity,  port  to  nozzle  throat 
area  ratio.  See  RAPTTH; 


N.  D. 


Eq.  89 


Associative  quantity,  port  to  nozzle  throat 
area  ratio.  See  RAPTTH; 


N.  D. 


Eq.  90 


Area  ratio.  Ratio  of  basic  cylindrical  port 
section  cross  sectional  area  to  nozzle  throat 
cross  sectional  area; 

N.  D.  Eq.  4 


RDCFACL 


RDGNCLA 


DCFACL 


"DGNCLA 


Diameter  ratio.  Ratio  of  port  cone  frustum 
section  aft  base  diameter  to  grain  closure 
equatorial  diameter; 

N.  D.  Eq.  41 

Head  ratio  of  ellipsoid  associated  with  the 
aft  grain  closure  section.  Ratio  of  twice 
the  closure  length  to  the  closure  equatorial 
diameter; 


RDGNCLF 


RDPTCL 


DGNCLF 


'DPT  CL 


Head  ratio  of  ellipsoid  associated  with  the 
forward  grain  closure  section.  Ratio  of 
twice  the  closure  length  to  the  closure 
equatorial  diameter; 

N.  D.  Eq.  9 

Diameter  ratio.  Ratio  of  basic  cylindrical 
port  section  diameter  to  grain  closure  equato- 
rial diameter; 


N.  D. 


Eq.  8 
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GRAIN  GEOMETRY 


GNGM1 


PI 


OUTPUT  DATA  (Cont.  ): 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


RLCFCA 


RLDGNCY 


RLDGNY1 


RLDGNY2 


RLDGNY3 


RL  GNY4 


RLDGNY5 


LCFCA 


‘LDGNCY 


LLDGNY1 


‘LDGNY2 


LDGNY3 


LDGNY4 


“LDGNY5 


Length  ratio.  Ratio  of  length  of  portion  of 
port  cone  frustum  section  within  aft  grain 
closure  section  to  length  of  aft  grain  closure 
section; 


N.  D. 


Eq.  49 


Length  to  diameter  ratio,  cylindrical  grain 
section.  Includes  nozzle  submergence,  slot, 
joint  and  internal  insulation  penalties; 


N.  D. 


Eq.  72 


Length  to  diameter  ratio,  basic  cylindrical 
grain  section.  Does  not  include  nozzle 
submergence,  slot,  joint  and  internal 
insulation  penalties; 


N.  D. 


Eq.  37 


Length  to  diameter  ratio,  cylindrical  grain 
section.  Includes  nozzle  submergence 
penalty; 

N.  D.  Eq.  56 

Length  to  diameter  ratio,  cylindrical  grain 
section.  Includes  nozzle  submergence  and 
slot  penalties; 


N.  D. 


Eq.  65 


Length  to  diameter  ratio,  cylindrical  grain 
section.  Includes  nozzle  submergence,  slot 
and  joint  penalties; 

N.  D.  Eq.  67 

Length  to  diameter  r^tio,  cylindrical  grain 
section.  Includes  nozzle  submergence,  slot, 
joint  and  internal  insulation  penalties; 

N.  D.  Eq.  70 
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OUTPUT  DATA  (Cont.  ): 


Mnemonic 


Symbol 


Description;  Ext.  (Int. ) Units 


RLGNCHA 


RLGNCHF 


RLPTCYA 


RLPTCYF 


"LGNCHA 


•LGNCHF 


LPTCYA 


kLPTCYF 


Length  ratio,  aft  grain  closure  section. 

Ratio  of  hemi-ellipsoid  frustum  length  to 
hemi-ellipsoid  length; 

N.  D.  Eq.  33 

Length  ratio,  forward  grain  closure  section. 
Ratio  of  hemi-ellipsoid  frustum  length  to 
hemi-ellipsoid  length; 


N.  D. 


Eq.  20 


Length  ratio.  Ratio  of  the  length  of  the 
cylindrical  portion  of  the  basic  port  within 
the  hemi-ellipsoid  to  the  length  of  the  hemi- 
ellipsoid  for  the  aft  grain  closure  section; 

N.  D.  Eq.  27 

Length  ratio.  Ratio  of  the  length  of  the 
cylindrical  portion  of  the  basic  port  within 
the  hemi-ellipsoid  to  the  length  cf  the  hemi  - 
ellipsoid  for  the  forward  grain  closure 
section; 

N.  D.  Iq.  14 


SBSPT 


SPT2 


SPTCFB 


PTCFB 


Initial  propellent  burning  surface  area, 
excluding  slots; 

in^  Fig.  6 Eq.  62 

Propellent  surface  area  associated  with  the 
port.  Includes  submerged  nozzle  corrections; 

in^  Eq.  61 

Port  surface  area  component.  Propellent 
surface  at  forward  ba^-e  ■ f port  cone  fruetum 
«oclion; 


Fig.  6 


Eq.  60 


SPTCFS 


Port  surface  area  component.  Propellent 
surface  associated  with  lateral  area  of  port 
cone  frustum  section; 

in^  Fig*  6 Eq.  59 
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OUTPUT  DATA  (Cont. ): 

Mnemonic  Symbol 

SPTCY2  Sp-, 

riCY2 

THETACF  0CF 

TPPWEB  Tpp 

WEB 

VGN  VGN 


VGNCHA 


VGNCHF 


VGNCLA 


VGNCLF 


GN 


CHA 


GN 


CHF 


GN 


CLA 


GN 


CLF 


Description;  Ext.  (Int.)  Units 


Port  surface  area  component.  Propellent 
surface  associated  with  the  lateral  area  of 
the  cylindrical  port  section; 

in2  Fig.  6 Eq.  58 

Half-angle  of  port  cone  frustum  section; 
deg  (rad)  Figs.  2,  4 Eq.  46 

Propellent  web  thickness.  Thickness  of 
grain  in  section  where  both  the  grain  and 
port  are  cylindrical.  Radial  distance 
between  surface  of  cylindrical  port  section 
and  surface  of  cylindrical  grain  section; 

in  Figs.  2,  3,  6 Eq.  5 

Volume  of  grain  envelope.  Includes  port, 
submerged  nozzle  penalty,  slots,  joints 
and  all  internal  insulation  except  liner. 

Note  that  the  grain  closures  of  the  grain 
envelope  are  hemi-ellipsoid  frustums,  not 
hemi-ellipsoids; 

in3  Eq.  74 

Volume  of  hemi-ellipsoid  frustum  associated 
with  the  aft  grain  closure  section; 

in3  Fig.  5 Eq.  34 

Volume  of  hemi-ellipsoid  frustum  associated 
with  the  forward  grain  closure  section; 

in3  Fig.  3 Eq.  21 

Volume  of  hemi-ellipsoid  associated  with 
the  ait  grain  closure  section; 

in3  Fig.  5 Eq.  24 

Volume  of  hemi-  ellipsoid  associated  with 
the  forward  grain  closure  section; 

in3  Fig.  3 Eq.  11 


40.  1-39 


GRAING 
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OUT  PUT  DATA  (Cent.  ): 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


VGNCY 


GN 


CY 


Volume  of  cylindrical  grain  section. 
Includes  port,  submerged  nozzle  penalty, 
slots,  joints  and  internal  insulation  except 
liner; 

in3  Eq.  73 


VPPCLA 


VPPCLF 


VPPCY1 


PP 


CLA 


PP 


CLF 


PP 


CY1 


Volume  of  propellent  associated  with  the 
hemi-ellipsoid  of  the  aft  grain  closure 
section.  Note  that  this  volume  is  an  inter- 
mediate quantity  and  does  not  include 
corrections  for  nozzle  submergence, 
insulation  wedges,  etc.  ; 

in3  Fig.  5 Eq.  30 

Volume  of  propellent  associated  with  the 
hemi-ellipsoid  of  the  forward  grain  closure 
section.  Note  that  this  volume  is  an  inter- 
mediate quantity  and  does  not  include 
corrections  for  insulation  wedges,  igniter, 
etc.  ; 

in"  Fig.  3 Eq.  17 

Volume  of  propellent  within  basic  cylindrical 
grain  section.  Does  not  include  displaced 
propellent  corrections  for  nozzle  submer- 
gence, slots,  joints  nor  internal  insulation; 

in3  Eq.  35 


VPPPDNS 


PP 


PDNS 


Volume  of  propellent  displaced  due  to 

nozzle  submergence; 

. 3 
m 


Fig.  5 


Eq.  53 


VPTCF 


PT 


CF 


Total  volume  of  port  cone  frustum  section; 

Fig,  5 Eq.  48 


in3 


VPTC'FCY 


PT 


CFCY 


Volume  of  basic  port  portion  of  the  port  cone 
frustum  section  within  the  cylindrical 
grain  section; 

in3  Fig.  5 Eq,  51 
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GRAIN  GEOMETRY 
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GNGM1 


OUTPUT  DATA  (Cont.  ): 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


VPTCLA 


VPTCLF 


VPTCYCF 


VPTECFA 


VPTECLA 


VPTECLF 


VPTYCLA 


VPTYCLF 


PT 


CLA 


PT 


CLF 


PT 


CYCF 


PT 


ECFA 


PT 


EC  LA 


PT 


ECLF 


ptycla 


ptyclf 


Volume  of  ba3ic  port  within  the  hemi-ellipsoid 
associated  with  the  aft  grain  closure  section; 

in3  Fig.  5 Eq.  29 

Volume  of  basic  port  within  the  hemi-ellipsoid 
associated  with  the  forward  grain  closure 
section; 

in3  Fig.  3 Eq.  16 

Volume  of  basic  port  section  associated  with 
nozzle  submergence; 

in3  EiS*  5 Eq.  52 

Volume  of  ellipsoidal  cap  at  aft  base  of  port 
cone  frustum  section  within  aft  grain  closure 
section; 

in3  Fig.  5 Eq.  50 

Volume  of  ellipsoidal  cap  at  base  of  cylindri- 
cal portion  of  basic  port  section  within  the 
hemi-ellipsoid  associated  with  the  aft  grain 
closure  section; 

in3  Fig.  5 Eq.  28 

Volume  of  ellipsoidal  cap  at  base  of  cylindri- 
cal portion  of  the  basic  port  section  within 
the  hemi-ellipsoid  associated  with  the 
forward  grain  closure  section; 

in3  Fig.  3 Eq.  15 

Volume  of  cylindrical  portion  of  the  basic 
port  within  the  hemi-ellipsoid  associated 
with  the  aft  grain  closure  section; 

in3  Fig.  5 Eq.  26 

Volume  of  cylindrical  portion  of  the  basic 
port  within  the  hemi-ellipsoid  associated 
with  the  forward  grain  closure  section; 

in3  Fig.  3 Eq.  13 
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(see  the  section  on  output  models  for  the  details). 


GRAING 


GRAIN  GEOMETRY 


GNGM1 


CVI  rO-J  i/nvO  t—  00 

+ * * « * * * 


O H (\l  m J invO  f-co  C\0 

*********** 


40. 1-42 


INFLOW 


INTERNAL  BALLISTICS,  FLOW 


IBFM1 


50.  1 


MODEL  TYPE:  IBFLOW  (Internal  Ballistics,  FLOW) 

MODEL  NAME:  IBFM1  (Cylindrical  port,  slot  penalty) 


DESCRIPTION: 


IBFM1  (Internal  Ballistics,  Flow  Model  number  1_)  evaluates  the  burn  rate 
and  flow  characteristics  within  a cylindrical  ported  grain  to  determine  the 
effective  slot  volume  required  for  a neutral  pressure -time  history.  This 
required  volume  (grain  length  penalty)  is  sometimes  sizable,  thereby 
resulting  in  a significant  degradation  of  the  motor  volumetric  loading 
efficiency. 

The  slot  volume  requirement  is  independent  of  the  number  of  slots  and  is 
basically  determined  by  the  gas  flow  requirements  from  the  slots  into  the 
center  perforate.  The  calculation  of  the  length  of  the  slots  is  based  upon 
the  following  assumptions: 

1.  The  grain  is  cylindrical; 

2.  The  port  burning  surface  is  cylindrical; 

3.  The  gas  leaves  the  slots  and  enters  the  center  perforate  at  a 
Mach  number  specified  by  the  program  user; 

4.  The  pressure  and  temperature  within  the  Blot  are  equal  to  the 
pressure  and  temperature  respectively  within  the  center  perforate; 

5.  The  gas  flow  upstream  of  the  nozzle  throat  is  isentropic  flow  of  a 
perfect  gas. 

In  addition  to  the  slot  penalty,  this  model  also  evaluates  the  maximum  and 
minimum  burn  rates.  These  are  available  as  constraint  quantities  to  insure 
that  the  web  is  not  thicker  than  that  allowed  by  the  maximum  burn  rate  and 
burn  time  or  thinner  than  that  allowed  by  the  minimum  burn  rate  and  burn 
time.  The  model  evaluates  a set  of  associative  quantities  to  facilitate  setting 
up  these  constraints,  if  required. 

An  appreciation  for  the  slot  geometry  may  be  gained  by  referring  to  Figure  1. 
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PROCEDURE: 


Prior  to  entering  IBFM1,  the  models  specified  by  the  PROPELW,  IBGAS 
and  IBPERF  model  types  have  evaluated  the  propellent  density,  gas,  and 
performance  properties.  The  model  specified  by  the  GRAING  model  type 
then  determined  the  geometry  required  to  design  a cylindrical  ported  grain, 
including  accommodation  for  nozzle  submergence. 

The  IBFM1  model  is  then  executed  and  the  bum  rates  and  grain  length  penalty 
for  slots  is  determined. 

After  executing  1BFM1,  the  model  specified  by  the  GRAING  model  type  will 
be  reentered  and  the  preliminary  grain  design  will  be  corrected  to  account 
for  the  slot  volume.  The  model  specified  by  the  INSULG  model  type  may 
then  utilize  data  from  IBFM1  and  the  grain  geometry  to  assess  internal 
insulation  requirements. 


EQUATIONS: 


Burn  rate  at  ignition. 
T 


PP 


B 


WEB 


PP, 


IGN  B 

Average  burn  rate. 

BpPAVG  = KBppAVG  BPPign 
Maximum  burn  rate. 


B 


PP. 


= K 


MAX 

Minimum  burn  rate. 


BPPMAX  AVG 


BPPMTN  = kbppmin  pavg 


Weight  flow  rate  from  port  surface,  excluding  slots. 
WpT  = PpPMT  SbSPT  BpPAVO 


(1) 


(2) 


(3) 


(4) 


(5) 
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EQUATIONS  (Cont.  ): 

Weight  flow  rate  required  from  all  slots. 


SLREQ  ' PPMT  " PT 
Area  of  one  burning  surface  of  a slot. 


°SL  WEB 

Weight  flow  rate  from  a slot  (two  surfaces). 


wsl  = 2 ppp  Anq  Bpp 
SL  PPMT  BSSL  PPAVO 

Length  of  a slot. 
j WSL  CGAS 


« ~PT  ” ‘ avG  1V‘SL  *o 
Number  of  slots  required. 

WSL 

Ng.  . (10) 

slreq  wsl 

Grain  length  penalty  for  slots  cutouts. 

LSL  = NSL  Lci  (11) 

Associative  quantities.  The  following  quantities  are  intended  solely  for 
optional  utilization  by  the  program  user.  Their  primary  usage  within  this 
model  is  for  forming  constraint  quantities, 

QBI  = kqbi  bppt™  *12* 


QBA  = KQBA  I3pp 


AVG 
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EQUATIONS  (Cont.  ): 
QBMX  = KQBMX  BPP 


MAX 


qbmn  = kqbmn  bpp 


MIN 


(14) 

(15) 


o 


OPTIMIZATION  CONSIDERATIONS; 

Generally,  the  nature  of  the  problem  which  would  require  usage  of  this  model 
would  also  require  that  the  following  constraints  be  set  up  by  the  program  user. 

A maximum  propellent  burn  rate  constraint  will  insure  that  the  propellent 
web  is  not  too  thick.  (Note  that  this  constraint  corresponds  to  a lower 
limit  on  the  port  fraction.  ) 


B 


PP 


B 


AVG 


PP 


MAX 


(16) 


A minimum  propellent  burn  rate  constraint  will  insure  that  the  propellent 
web  is  not  too  thin.  (Note  that  this  constraint  corresponds  to  an  upper 
limit  on  the  port  fraction.  ) 


B 


PP 


AVG 


J B 


PP 


(17) 


MIN 


! ! 
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INPUT  DATA,  INTRA-MODEL: 


The  following  data  is  input  directly  to  this  model  by  the  program  user.  If  a 


value  is  not  input, 
Mnemonic 

the  preset 
Symbol 

value  is  used. 

Description;  Ext.  (Int. ) Units  Preset 

EBPPMAX 

a 

Exponent  for  maximum  radial  propellent 
burn  rate  computation; 

N.  D.  0.  39 

EBPPMIN 

b 

Exponent  for  minimum  radial  propellent 
burn  rate  computation; 

N.  D.  0.27 

KBPPAVG 

KBPPAVG 

Coe  ident  for  average  radial  propellent 
burn  rate  computation; 

N.  D.  1.0 

KBPPMAX 

kbppmax 

Coefficient  for  maximum  radial  propellent 
burn  rate  computation; 

N.  D.  0.054 

KBPPMIN 

kbppmin 

Coefficient  for  minimum  radial  propellent 
burn  rate  computation; 

N.  D.  0.039 

KQBAVG 

kqba 

Associative  quantity  coefficient  for 
QBPPAVG  computation; 

N,  D.  0 

KQBIGN 

kqbi 

Associative  quantity  coefficient  for 
QBPPIGN  computation; 

N.  D.  0 

KQBMAX 

kqbmx 

Associative  quantity  coefficient  for 
QBPPMAX  computation; 

N.  D.  0 

KQBMIN 

kqbmn 

Associative  quantity  coefficient  for 
QBPPMIN  computation; 

N.  D.  0 

r t 
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* 


t 


1, 


INPUT  DATA,  INTRA-MODEL  (Cont. ): 

Mnemonic  Symool  Description;  Ext.  (Int.  ) Units Preset 

MSLEXT  MeI  Maci*  number  of  combustion  products  at  slot 

SL  exit; 

N.  D.  0. 2 

INPUT  DATA,  INTER -MODEL; 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.)  Units 

Model  Type 

APPWEB 

PPWEB 

Cross  sectional  web  area; 

. 2 
in 

GRAING 

CGAS 

CGAS 

Speed  of  3ound  in  gas; 
ft/ sec 

IBGAS 

DPT 

°PT 

Port  diameter; 

in 

GRAING 

DWPPMT 

Wpp 

^ rMT 

Propellent  weight  flow; 
lb/sec 

IBPERF 

PCHAVG 

p 

AVG 

Average  chamber  pressure; 
PSIA 

IBGAS 

RHOPPMT 

^PP 

*MT 

Propellent  density; 
lb/ in^ 

PROPELW 

RSPHT 

H 

Specific  heat  ratio; 
N.  D. 

IBGAS 

SBSPT 

SBSpT 

Port  burning  surface  area; 

. 2 
in 

GRAING 
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INPUT  DATA,  INTER -MODEL  (Cont. ): 


Mnemonic 


TBPPMT 


TPPWEB 


Symbol 

T 

B 


PP 


WEB 


Description;  Ext.  (Int.  ) Units Model  Type 

Propellent  burn  time; 

sec  IBPERF 

Web  thickness; 

in  GRAING 


OUTPUT  DATA: 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model  input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 


ABSSL 


BPPAVG 


BPPIGN 


BPPMAX 


BPPMIN 


DWBSNSL 


DWSLREQ 


Symbol 
Ar 


BS 


SL 


B 


PP 


AVG 


B 


PP 


IGN 


B 


PP. 


MAX 


B 


PP 


MIN 


W 


PT 


W 


slreq 


Description;  Ext.  (Int.  ) Units 

Area  of  one  burning  surface  of  a slot; 
in^  Eq.  7 

Average  radial  propellent  burn  rate; 
in/sec  Eq.  2 

Radial  burn  rate  of  propellent  at  ignition; 
in/ sec  Eq.  1 

Maximum  radial  propellent  burn  rate; 
in/ sec  Eq.  3 

Minimum  radial  propellent  burn  rate; 
in/sec  Eq.  4 

Propellent  weight  flow  rate  from  port  surface 
area,  excluding  slots; 

lb/sec  Eq.  5 

Propellent  weight  flow  rate  required  from 
slots  for  balanced  motor  flow; 

lb/sec  Eq.  6 


4 l 

w 


50.  1-8 


IBFLOW 


INTERNAL  BALLISTICS.  FLOW 


IBFM1 


OUTPUT  DATA  (Cont. ); 


Mnemonic 

Symbol 

• 

DWSL 

WSL 

LSL 

lsl 

LSLGN 

slgn 

NSLREQ 

nsl 

S1jREQ 

Q BPPAVG 

°BA 

Q BPPIGN 

qbi 

QBPPMAX 

qbmx 

QBPPMIN 

qbmn 

Description;  Ext.  (Int.  ) Units 


Propellent  weight  flow  rate  from  a slot  (two 
surfaces); 

lb/sec  Eq.  8 

Length  of  a slot  required  for  balanced  slot 
flow; 

in  Eq.  9 

Grain  length  penalty  for  slot  cutouts; 
in  Eq.  1 1 

Number  of  slots  required  for  balanced  motor 
flow.  NSLREQ  will  normally  be  a fractional 
number.  Note  the  distinction  between 
NSLREQ  and  NISIHO,  NISIH1,  which  is  input 
to  the  internal  insulation  model; 

N.  D.  Eq.  10 

Associative  quantity,  average  burn  rate 
(see  BPPAVG); 

in/sec  Eq.  13 

Associative  quantity,  burn  rate  at  ignition 
(see  BPPIGN); 

in /sec  Eq.  12 

Associative  quantity,  max.  burn  rate 
(see  BPPMAX); 

in/sec  Eq.  14 

Associative  quantity,  min.  burn  rate 
(see  BPPMIN); 

in/ sec 


Eq.  15 
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60.  1 


MODEL  TYPE:  IBGAS  (Internal  Ballistics,  GAS) 

MODEL  NAME:  IBGMI  (Constant  vacuum  thrust) 

DESCRIPTION: 

IBGMI  (Internal  Ballistics  Gas  Model  number  2)  evaluates  the  gas 
characteristics  and  chamber  pressures  associated  with  a constant  vacuum 
thrust  solid  rocket  motor. 


EQUATIONS: 

Average  chamber  pressure. 

PAVG  = KAVG  P 

Maximum  expected  operating  pressure. 

PMEO  = KMEO  P 
Maximum  chamber  pressure. 

PMAX  = PMEO 

Delivered  characteristic  velocity. 

C*  * <C*TH 

Specific  heat  ratio  constants. 

Hj  = H + 1 


(1) 


(2) 


(3) 


(4) 


(5) 
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EQUATIONS  (Cont.  ): 
H2  = H - i 


Gas  constant. 

H H,  C*2 

D 0 

nGAS  " TJ 


Speed  of  sound  in  gas. 


(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 
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INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  directly  to  this  model  by  the  program  user.  If  a 
value  is  not  input,  the  preset  value  is  used. 


Mnemonic 


Description;  Ext.  (Int. ) Units 


Preset 


CVTH 


KPCHAVG 


KPCHMEO 


KCEF 


AVG 


vMEO 


RSPHT 


Theoretical  characteristic  velocity; 
it!  sec  0 

Coefficient,  average  chamber  pressure; 
N.  D.  1 

Coefficient,  maximum  expected  operating 
chamber  pressure; 

N.  D.  1 

Combustion  efficiency  factor; 

N.  D.  1 

Chamber  pressure; 

PSIA  0 

Specific  heat  ratio; 


TCPP 


Propellent  combustion  temperature; 


INPUT  DATA,  INTER -MODEL: 


None 


OUTPUT  DATA: 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model  input  to  other  models  and  to  print,  plot,  and  optimization  routines. 
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OUTPUT 

Mnemonic 

DATA  (Coni.  ): 

: Symbol 

Description;  Ext.  (Int.  ) Units 

CGAS 

CGAS 

Speed  of  sound  in  gas; 
ft/sec 

Eq.  14 

CVDELV 

c# 

Delivered  characteristic  velocity; 
ft/ sec 

Eq.  4 

KRGAS 

rgas 

Gas  constant; 
ft2/(sec2  - °R> 

Eq.  13 

PCHAVG 

pavg 

Average  chamber  pressure; 
PSIA 

Eq.  1 

PCHMAX 

p 

MAX 

Maximum  chamber  pressure; 
PSIA 

Eq.  3 

PCHMEO 

PMEO 

Maximum  expected  operating  chamber 
pressure; 

PSIA  Eq.  2 

RSPHT1 

H1 

Specific  heat  ratio  quantity; 
N.  D. 

Eq.  5 

RSPHT2 

H2 

Specific  heat  ratio  quantity; 
N.  D. 

Eq.  6 

RSPHT3 

h3 

Specific  heat  ratio  quantity; 
N.  D. 

Eq.  7 

RSPHT4 

H4 

Specific  heat  ratio  quantity; 
N.  D. 

Eq.  8 

RSPHT5 

H5 

Specific  heat  ratio  quantity; 
N.  D. 

Eq.  9 

RSPHT6 

H6 

Specific  heat  ratio  quantity; 
N.  D. 

Eq.  10 
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OUTPUT  DATA  (Cont. ): 

Mnemonic 

Symbol 

RSPHT7 

H- 

i 

RSPHT8 

H8 

Description;  Ext.  (Int. ) Units 

Specific  heat  ratio  quantity; 
N.  D. 

Sp  cific  heat  ratio  quantity; 
N.  D. 


Eq.  11 


Eq.  12 
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70.  1 

MODEL  TYPE:  IBPERF  (Internal  Ballistics,  PERFormance) 

MODEL  NAME:  IBPM1  (Conical  nozzle  divergence  losses) 

DESCRIPTION: 


IBPM1  (Internal  Ballistics  Performance  Model  number  1_)  evaluates  the 
propellent  and  nozzle  dependent  vacuum  delivered  performance  quantities. 
The  specific  impulse  is  degraded  to  account  for  the  nozzle  half  angle 
divergence  loss  (axial  direction),  due  to  the  directional  change  of  flow  as 
the  gas  expands  in  a conical  nozzle. 


PROCEDURE: 

Prior  to  entering  IBPMl,  the  models  specified  for  the  FROPELW  and  IBGAS 
model  types  have  evaluated  the  propellent  weight  and  gas  properties. 

Upon  the  first  entrance  to  IBPMl,  the  propellent  weight  flow  is  computed  and 
the  model  specified  by  the  NOZZLEG  model  type  is  executed  to  determine 
the  nozzle  geometry. 

IBPMl  is  then  entered  for  the  second  time,  the  pressure  ratio  is  solved 
iteratively  using  Newton's  method,  and  the  remainder  of  the  internal 
ballistics  performance  dependent  quantities  are  evaluated. 

After  the  IBPMl  computations  are  completed,  the  motor  geometry  and 
weights  are  determined,  the  model  specified  for  the  PROPUL  model  type  is 
executed,  and  the  primary  motor  propulsion  quantities  are  evaluated. 


EQUATIONS  (FIRST  ENTRANCE): 


Propellent  weight  flow, 
W, 


w 


pp. 


MT 


PP 


MT 


B 


(1) 
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EQUATIONS  (SECOND  ENTRANCE): 

Pressure  ratio,  nozzle  exit  pressure  to  chamber  pressure, 
(transcendental  equation  solved  iteratively  for  Rp) 


H. 


NZ 


irmr 


V1- Rp' 


Critical  pressure  ratio. 
RPC  = fwj~) 


Nozzle  half  angle  divergence  momentum  loss. 
k , 1 *eo,(»ttz ) 


Reference  nozzle  half  angle  loss. 

R Z 


Vacuum  thrust  coefficient. 


CV  ‘ AH8  + *N7.PP 


Reference  thrust  coefficient  (exit  pressure  = atmospheric  pressure). 


Vacuum  specific  impulse. 
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(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 
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IB  PER  F INTERNAL  BALLISTICS,  PERFORMANCE  IBPM1 


EQUATIONS  (SECOND  ENTRANCE)  (Cont.  ): 
Delivered  vacuum  specific  impulse. 

!SPVD  = KVD  !SPV 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  directly  to  this  model  by  the  program  user.  If  a 
value  is  not  input,  the  preset  value  is  used. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Preset 

CIBP1 

Ratio  of  a reference  nozzle  exit  pressure  to 
a reference  chamber  pressure.  The 
reference  nozzle  exit  pressure  must  be  equal 
to  sea  level  pressure; 

N.  D. 

0.  014696 

IS  PR 

’SPR 

Specific  impulse  for  the  reference  pressure 
ratio  CIBP1  and  the  reference  nozzle  half 
angle  NZHAR; 

sec 

0 

KISPVD 

KVD 

Nozzle  efficiency  factor; 
N.  D. 

1 

NZHAR 

*R 

Reference  nozzle  half  angle; 
deg 

0 

TBPPMT 

tb 

Propellent  burn  time; 

sec 

0 

INPUT  DATA, 

INTER-MODEL: 

Tids  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


IBPERF 


INTERNAL  BALLISTICS,  PERFORMANCE 


IBPM1 


INPUT  DATA, 

INTER -MODEL  (Cont.  ): 

Mnemonic 

Symbol 

Description;  Ext.  (Int. ) Units 

Model  Typ« 

COSNZHA 

c°8  *m 

Cosine  of  nozzle  half  angle; 
N.  D. 

NOZZLEG 

RAEXTTH 

‘nz 

Nozzle  expansion  ratio  at  exit  plane; 

N.  D. 

NOZZLEG 

RSPHT 

H 

Specific  heat  ratio} 
N.  D. 

IBGAS 

RSPHT1 

H1 

Specific  heat  ratio  quantity; 
N.  D. 

IBGAS 

RSPHT2 

H2 

Specific  heat  ratio  quantity; 
N.  D. 

IBGAS 

RSPHT5 

H5 

Specific  heat  ratio  quantity; 
N.  D. 

IBGAS 

RSPHT7 

H7 

Specific  heat  ratio  quantity; 
N.  D. 

IBGAS 

RSPHT8 

H8 

Specific  heat  ratio  quantity; 
N.  D. 

IBGAS 

WPPMT 

WPP 

MT 

Propellent  weight; 
lb 

PROPELW 

OUTPUT  DATA: 


The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model input  to  ether  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


CFVAC 


Vacuum  thrust  coefficient; 
N.  D. 


Eq.  6 


IBPERF 
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IBPM1 


OUTPUT  DATA  (Cont. ): 
Mnemonic  Svmb< 


RPEPCC 


Description;  Ext.  (Int. ) Units 


CFR 

CR 

Reference  thrust  coefficient  corresponding  to 
the  reference  nozzle  half  angle  NZHAR  and 
the  reference  pressure  ratio  CIBP1.  The 
reference  nozzle  exit  pressure  is  sea  level 
pressure; 

N.  D. 

Eq.  7 

DWPFMT 

Wpp 

MT 

Propellent  weight  flow; 
lb/sec 

Eq.  1 

ISPVC 

'spv 

Vacuum  specific  impulse; 
sec 

Eq.  8 

ISPVD 

’SPVD 

Delivered  vacuum  specific  impulse; 
sec  Eq.  9 

NZHAL 

X 

Nozzle  half  angle  loss; 
N.  D. 

Eq.  4 

NZHALR 

ar 

Reference  nozzle  half  angle 

loss; 

N.  D. 

Eq.  5 

RPEPC 

Rp 

Pressure  ratio.  Ratio  of  nozzle  exit 

'PC 


pressure  to  chamber  pressure; 

N.  D.  Eq.  2 

Critical  pressure  ratio.  Pressure  ratio 
at  nozzle  throat; 


N.  D. 


Eq.  3 
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80.  1 


MODEL  TYPE:  INSULG  (internal  INSULation  Geometry) 


MODEL  NAME:  INGM1  (geometric  parameter) 


DESCRIPTION: 


INGM1  (internal  INsulation  Geometry  Model  number  1)  evaluates  the  internal 
insulation  geometry  for  a solid  rocket~motor  case  ancT  propellent  grain  having 
a cylindrical  section  and  oblate  closures.  The  basic  components  may  include: 

insulation  liner 

ellipsoidal  insulation  wedges  for  the  forward  and  aft  closures 

insulation  required  for  unjointed  grain  designs 

insulation  required  for  jointed  grain  designs 

The  model  includes  provision  for  circular  cutouts,  "holes"  in  the  forward  and 
aft  closures,  required  for  the  igniter  and  nozzle.  See  figures  1 and  2 for  an 
illustration  of  the  basic  insulation  components  and  the  interface  with  the  case, 
grain,  nozzle,  and  igniter  geometry.  Whenever  possible,  the  equations  have 
been  formulated  such  that  the  geometry  for  the  basic  components  degenerate 
to  basic  geometric  forms.  In  addition,  user  specified  coefficient  and  bias 
terms  (preset  to  nominal  values)  are  provided  for  the  principal  independent 
quantities  associated  with  each  basic  geometric  form.  Consequently,  the 
actual  insulation  geometry  capable  of  being  simulated  is  to  a large  degree 
a function  of  the  ingenuity  of  the  program  user. 

The  insulation  liner,  as  illustrated  in  figures  3-6,  interfaces  between  the 
inside  case  surface  and  the  outside  wedge  surfaces  or  grain  envelope. 

Within  the  cylindrical  case  section,  the  liner  has  constant  thickness.  Within 
the  closures,  the  outside  and  inside  liner  surfaces  are  hemi-ellipsoids  whose 
equatorial  planes  are  coincident  with  the  plane  separating  the  closure  and 
cylindrical  sections.  The  liner  holes  in  the  forward  and  aft  closures  are 
cylindrical,  centered  on  the  axis  of  revolution  of  the  liner  surface  hemi- 
ellipsoids.  The  principle  purposes  of  the  liner  geometry  are  to  determine 
a total  volume  for  insulation  weight  computations  and  to  specify  the  head 
ratios  and  cylindrical  diameter  of  the  basic  grain  envelope. 


i i 
* 

1 1 


i = 

? i 

\ i 
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DESCRIPTION  (Cont. ): 


The  insulation  wedges  (see  figures  7 - 14)  are  associated  with  the  forward 
and  aft  closures  and  interface  between  the  insulation  liner  and  the  grain. 

The  wedges  may  be  completely  within  a closure,  or  may  extend  beyond  a 
closure  into  the  cylindrical  section.  Since  the  principle  purpose  of  the  wedge 
geometry  is  to  determine  an  effective  volume  for  weight  evaluations,  no 
corrective  action,  except  for  a warning  diagnostic,  is  taken  by  the  program 
if  a wedge  extends  from  within  a closure  beyond  the  cylindrical  section. 

If  a wedge  is  completely  within  the  closure  (see  figures  7,  13),  the  inside 
and  outside  wedge  surfaces  are  hemi-ellipsoid  frustums  whicn  are  tangent 
at  their  bases  (the  "inside /outside  wedge  surface  osculation  plane").  The 
axis  of  revolution  of  these  frustums  are  coincident  and  the  equatorial  plane 
of  the  hemi-ellipsoid  associated  with  the  outside  frustum  surface  is  coincident 
with  the  plane  separating  the  case  closure  and  case  cylindrical  sections. 
However,  the  "equatorial  plane  of  the  hemi-ellipsoid  associated  with  the 
inside  frustum  surface"  and  the  "inoide, 'outside  v/edgi  surface  O'iculatin^; 
plane"  are  normally  not  coincident  with  each  other  or  the  "plane  separating 
the  case  closure  and  case  cylindrical  sections". 

If  a wedge  extends  beyond  a closure  into  the  cylindrical  section  (see  figures  9, 
14),  the  outside  wedge  surface  is  comprised  of  a hemi-ellipsoid  and  a 
cylinder.  The  inside  wedge  surface  is  a hemi-ellipsoid  tangent  to  the 
cylindrical  portion  of  the  outside  wedge  surface  (the  "inside/outside  wedge 
surface  osculation  plane").  The  axis  of  revolution  of  the  inside  and  outside 
wedge  surfaces  are  coincident  and  the  "equatorial  plane  of  the  inside  surface 
ellipsoid"  is  coincident  with  the  "inside/outside  wedge  surface  osculation 
plane".  Further,  the  "equatorial  plane  of  the  hemi-ellipsoid  associated  with 
the  outside  wedge  surface"  is  coincident  with  the  "plane  separating  the  case 
closure  and  case  cylindrical  section".  However,  normally  the  equatorial 
planes  of  the  hemi-ellipsoids  associated  with  the  outside  wedge  surface  and 
the  inside  wedge  surface  are  not  coincident. 

The  length  of  the  forward  closure  wedge  (figures  7,  9)  is  normally  a function 
of  the  propellent  web  thickness.  The  igniter  cutout  is  cylindrical,  centered 
on  the  axis  of  revolution  of  the  wedge  surface  hemi-ellipsoids. 

The  length  of  the  aft  closure  wedge  (figures  11,  13)  is  normally  a function 
the  cone  frustum  grain  cutout  half  angle.  The  nozzle  cutout  is  a cone  fru* 
having  a half  angle  equal  to  the  cone  frustum  grain  cutout  half  angle. 

For  the  purpose  of  this  model,  a slot  has  none  or  one  burning  surface 
inhibited,  whereas  a joint  has  both  burning  surfaces  inhibited.  The  slot  and 
Joint  insulation,  as  illustrated  in  figures  15  - 20,  is  comprised  of  the 
following  components: 
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DESCRIPTION  (Cont. ); 


Port/ Liner  (PL)  component.  This  component  interfaces  between 
the  port  and  the  liner.  It  has  a rectangular  cross  section  and  its 
dimensions  are  normally  a function  of  the  maximum  insulation 
thickness  and  the  slot  or  joint  length. 

Port/Grain  (PG)  component.  This  component,  which  inhibits  a 
burning  surface,  interfaces  between  the  port  and  the  grain.  It 
normally  has  a trapezoid  cross  section  (although  it  may  be  a 
pentagon,  rectangle  or  triangle--see  figures  16,  17)  and  its 
dimensions  are  primarily  a function  of  the  maximum  insulation 
thickness,  propellent  web  thickness,  and  a user  specified  base 
length.  It  should  be  noted  that  for  joints,  provision  is  made  for 
"overlapping"  PG  components.  However,  for  slots,  except  for  a 
warning  diagnostic,  no  corrective  action  is  taken  by  the  program 
if  the  PG  component  exceeds  the  slot  cutout  length. 

Grain/Liner  (GL)  component.  This  component  interfaces  between 
the  grain  and  the  liner.  It  has  a triangular  cross  section  and  its 
dimensions  are  normally  a function  of  the  maximum  insulation 
thickness  and  the  propellent  web  thickness.  The  GL  component  is 
associated  with  each  non-inhibited  slot  burning  surface. 

The  number  of  slots  and  joints,  for  insulation  purposes,  is  specified  by 
the  program  user  and  should  not  be  a fractional  number.  The  purpose  of 
the  slot  and  joint  geometry  is  to  determine  an  effective  volume  for  insulation 
weight  computations. 


PROCEDURE: 


INGM1  is  a three-entrance  model.  Inter-model  coupling  is  illustrated 
by  figure  22. 

Prior  to  the  first  entrance  to  INGM1,  the  models  specified  for  the  IBGAS, 
IBPERF,  INSULW,  and  CASEG  model  types  have  evaulated  the  gas 
characteristics,  insulation  density  and  case  geometry. 

Upon  the  first  entrance  to  INGM1,  the  basic  insulation  material  properties 
are  evaluated  and,  except  for  the  length  of  the  cylindrical  section,  the 
insulation  liner  geometry  is  determined. 

The  grain  geometry  model,  GNGM1,  then  uses  the  inside  liner  surface  to 
define  the  basic  grain  envelope.  After  adjusting  the  basic  grain  to  account 
for  submerged  nozzle,  slot,  and  joint  penalties,  program  control  is 
returned  to  INGM1. 
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PROCEDURE  (Cont.  ): 

Upon  the  second  entrance  to  INGM1,  the  insulation  wedge  geometry, 
associated  with  the  forward  and  aft  closures,  is  evaluated,  the  slot  and  joint 
geometry  is  determined,  and  the  propellent  displaced  by  the  closure  wedges 
and  the  slot/joint  insulation  components  is  computed. 

The  grain  geometry  model,  GNGM1,  is  then  reentered,  the  cylindrical 
grain  length  is  adjusted  to  include  the  propellent  displaced  by  the  insulation, 
and  the  total  grain  geometry  is  evaluated. 

Upon  the  third  entrance  to  INGM1,  the  grain  geometry  has  been  completely 
determined  and  the  cylindrical  section  of  the  liner  is  sized.  After  evaluating 
the  residual  insulation  volume,  the  total  internal  insulation  volume  is  computed. 

After  executing  INGM1,  the  program  evaluates  the  remaining  substage 
geometry.  The  model  specified  by  the  INSULW  model  type  then  uses  the 
volumes  obtained  in  INGM1  as  effective  volumes  to  determine  the  internal 
insulation  weight  breakdown. 


REFERENCES: 

Reference  52,  "Some  Useful  Theorems  Associated  With  Hemi-EUipsoids " 
is  the  basis  for  the  derivations  of  the  following  equations: 

11,  17,  19,  20,  23,  25,  26,  28,  36,  42,  44,  45,  47,  50,  51,  53,  68, 

81,  85.  87,  88,  89,  92,  94,  96,  ?8,  *00,  101,  104,  115,  131,  135, 

137,  138,  140,  142,  144,  146,  147,  1 30. 

Reference  54,  "Some  Useful  Theorems  Associated  With  Osculating 
Ellipses"  contains  the  derivations  for  the  following  equations: 

74,  75,  76,  126,  127,  128. 

Reference  55,  "Derivation  of  LIWCFI  and  DIWCAI  for  the  GTS  INGM1 
Internal  Insulation  Model"  contains  the  derivations  and  assumptions  for 
the  following  equations: 

107a,  1 07b,  107c,  107d,  107e,  117,  120,  121,  122,  123,  124. 

Reference  56,  "PG  Internal  Insulation  Subcomponent  for  GTS  INGM1 
Internal  Insulation  Model"  contains  the  derivations  and  rationale  for 
equations  156  through  210. 

Reference  57,  "Derivation  of  VIWCAPD  and  VIWCFPD  for  the  GTS  INGM1 
Internal  Insulation  Model"  contains  the  derivations  and  assumptions  for 
equations  211  through  222. 
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NOTATION: 

The  following  notation  convention  is  used  within  this  model  whenever  possible. 
First  Character 

2 

A Rane  area,  (in  ) 

C Constant  or  intermediate  quantity. 

D Diameter  (measured  normal  to  centerline),  (in) 

K Coefficient  or  bias. 

L Length  (measured  parallel  to  centerline),  (in) 

R Ratio.  Next  characters  will  be  D or  L to  indicate 
diameter  or  length  ratios.  (N.  D.  ) 

T Thickness,  (in) 

V Volume,  (in’) 

Y Centroid,  (in) 

Next  two  characters  denote  principal  insulation  component. 

IL  Liner. 

IJ  Joint. 

IN  General. 

IS  Slot. 

IW  Wedge. 

Next  characters. 

A Aft. 

C or  CL  Closure. 

CH  Closure  Hole. 

E Ellipsoid. 

F Forward. 

H Hole. 

PD  Propellent  Displaced. 

Final  character. 

I Inside  surface. 

O Outside  surface. 
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EQUATIONS,  FIRST  ENTRANCE: 

Equations  I through  56  are  evaluated  at  the  first  entrance  to  the  INGMI  model. 

INSULATION  PROPERTIES: 

Approximate  radiative  heating  rate. 


QINh  = CJNj 


'PP 


'IN. 


KINj  + kin2 


(1) 


Maximum  insulation  thickness  for  closure  wedges.  (See  equations  61,  108) 

(2-a) 


'cin3  tb  QINh 


IW 


MAX 


^I W + ^IW 
1 23  iW24 


Maximum  insulation  thickness  for  a 9lot  cutout.  (Figure  16) 


IS 


MAX 


cin3  tb  qinh 
qin  pis 


V * 


K 


IS. 


Maximum  insulation  thickness  for  a joint  cutout.  (Figure  17) 


IJ 


MAX 


CIN,  TB  °IN 


•'ll. 


+ K 


IJ. 


(2-b) 


(2-c) 


INSULATION  LFNER,  CYLINDRICAL  SECTION: 

Outside  diameter  of  the  cylinder  which  is  the  outside  surface  of  the  insulation 
liner  in  the  cylindrical  case  section.  (Figure  2) 


Vo  = Dcs, 


(!) 


Inside  diameter  of  the  cylinder  which  is  the  inside  surface  of  the  insulation 
liner  in  the  cylindrical  case  section.  (Figure  2) 


Dy t ^TT,  ” ^ 

IL1  Iijo  ILCY 


(4) 


HO.  1 


.'■■an,  Lj.  i. 
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INTERNAL  INSULATION  GEOMETRY 


EQUATIONS,  FIRST  ENTRANCE  (Cont.  ): 

INSULATION  IINER,  CLOSURE  SECTIONS  (FORWARD  AND  AFT): 

Equatorial  diameter  of  the  ellipsoids  formed  by  the  outside  surface  of  the 
insulation  liner  associated  with  the  forward  and  aft  case  closure  sections. 
(Figures  2,  3,  5) 

D*.  = D.,  (5) 

ilclo  ilo 

Equatorial  diameter  of  the  ellipsoids  formed  by  the  inside  surface  of  the 
insulation  liner  associated  with  the  forward  and  aft  case  closure  sections. 
(Figures  2,  3,  5) 


INSULATION  LINER,  FORWARD  CLOSURE  SECTION: 

Head  ratio  of  the  ellipsoid  formed  by  the  outside  surface  of  the  insulation 
liner  within  the  forward  case  closure  section. 

RDILCFO  = RDCSCFI  l?) 

Length  of  the  axis  of  revolution  of  the  hemi-ellipsoid  formed  by  the  outside 
surface  of  the  insulation  liner  within  the  forward  case  closure  section. 
(Figures  3,  4) 


rdilcfo  dil 


CLO 


"C  LFO 


Diameter  of  circular  hole,  for  the  igniter,  centered  on  the  axis  of  revolution 
of  the  hemi-ellipsoid  formed  by  the  outside  surface  of  the  insulation  liner 
within  the  forward  case  closure  section.  (Figures  2,  3) 

°ilhfo  “ Dcshfi  Si  + Xs  <9) 


Diameter  ratio,  hole  diameter  to  equatorial  diameter,  outside  surface  of 
the  insulation  liner  within  the  forward  case  closure  section.  (Figure  3) 


DILHFO 


ILHFO 


"CLO 


1 !►*«**•■ J 
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EQUATIONS,  FIRST  ENTRANCE  (Cont.  ); 

INSULATION  LINER,  FORWARD  CLOSURE  SECTION  (Cont.  ): 


Length  of  hemi-ellipsoid  frustum  associated  with  the  outside  surface  of  the 
insulation  liner  within  the  forward  closure  section.  (Figure  3) 


JIL 


CHFO 


hL 


CLFO 


/‘  r2 

' DILHFO 


(11) 


Thickness  of  insulation  liner  at  center  of  forward  case  closure  section. 
Distance  between  inside  and  outside  hemi-ellipsoid  surfaces  of  the  insulation 
liner,  measured  on  the  axis  of  revolution.  (Figure  3) 


T-tt  = T.r  ^IL  ^IL 

1 CLF  1 JCY  1 1 1 2 


(12) 


Length  of  the  axis  of  revolution  of  the  hemi-ellipsoid  formed  by  the  inside 
surface  of  the  insulation  liner  within  the  forward  case  closure  section.  (Figure  3) 


^1 


= L 


JC  LFI 


IL, 


- T 


C LFO 


IL 


CLF 


(13) 


Head  ratio  of  the  ellipsoid  formed  by  the  inside  surface  of  the  insulation 
liner  within  the  forward  case  closure  section. 


RDILCFI  = 


2 L. 


'IL 


CLFI 


IL, 


CLI 


(14) 


Diameter  of  circular  hole,  for  the  igniter,  centered  on  the  axis  of  revolution 
of  the  hemi-ellipsoid  formed  by  the  inside  surface  of  the  insulation  liner 
within  the  forward  case  closure  section.  (Figure  3) 


D. 


IL 


= D 


HFI 


IL 


HFO 


(13) 


Diameter  ratio,  hole  diameter  to  equatorial  diameter,  inside  surface  of 
the  insulation  liner  within  the  forward  case  closure  section,  (Figure  3) 


RDILHFI  “ 


D, 


IL. 


'HFI 


(16) 
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EQUATIONS,  FIRST  ENTRANCE  (Cont. 


1L 


INSULATION  LINER,  FOR W ARP  CLOSURE  SECTION  (Cont.  ); 


Length  of  hemi-eilipsoidal  frustum  associated  with  the  inside  surface  of  the 
insulation  linor  within  the  forward  case  closure.  (Figure  3) 


^L 


CHFI 


= hL 


CLFI 


R DILHFI 


(17) 


Length  of  the  cylindrical  hole,  for  the  igniter,  in  the  insulation  liner  within 
the  forward  case  closure  section.  (Figure  3) 


= llL 


CHFO 


- hL 


CHFI 


(18) 


Volume  of  the  hemi -ellipsoid  formed  by  the  uutside  surface  of  the  insulation 
liner  within  the  forward  case  closure  section.  (Figure  4) 


IL, 


CLFO 


hL 


CLFO 


'IL 


CLO 


(19) 


Volume  of  the  cylindrical  section,  associated  with  the  igniter  hole,  within 
the  hemi -ellipsoid  formed  by  the  outside  surface  of  the  insulation  liner 
within  the  forward  case  closure  section.  (Figure  4) 


ILHFOC 


^L, 


CHFO  ILHFO 


(20) 


Length  ratio,  hemi-ellipsoid  frustum  to  hemi -ellipsoid,  outside  surface, 
insulation  liner,  forward  case  closure.  (Figure  3) 


RLILCFO  = 


^IL 


CHFO 

CLFO 


(21) 


Volume  of  ellipsoidal  cap  at  forward  base  of  the  cylindrical  section, 
associated  with  the  ignitor  cutout,  within  the  hemi-ellipsoid  formed  by  the 
outside  surface  of  the  insulation  liner  within  the  forward  case  closure 
section.  (Figure  4) 


ILHFOE 


■ (- V°  --)  ( 


2 - 3 R 


LILCFO 


+ R 


LILCFO) 


(22) 
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EQUATIONS,  FIRST  ENTRANCE  (Cont.  ): 

INSULATION  LINER,  FORWARD  CLOSURE  SECTION  (Cont.  ): 


Volume  of  cylinder  with  ellipsoidal  cap,  associated  with  the  igniter  cutout, 
within  the  hemi-ellipsoid  formed  by  the  outside  surface  of  the  insulation  liner 
within  the  forward  case  closure  section.  (Figure  4) 


= V, 


+ v. 


ilhfo  1lhfoe  il 


HFOC 


(23) 


Volume  of  hemi-ellipsoid  frustum  with  hole  cutout  associated  with  the  outside 
surface  of  the  insulation  liner  within  the  forward  case  closure  section. 

(Figure  4) 


V a V - V 

ilchfo  ilclfo  ilhfo 


(24) 


Volume  of  the  hemi-ellipsoid  formed  by  the  inside  surface  of  the  insulation 
liner  within  the  forward  case  closure  section.  (Figure  4) 


IL 


CLFI 


- (~i  ) ^l 


CLFI 


IL 


CLI 


(25) 


Volume  of  the  cylindrical  section,  associated  with  the  igniter  hole,  within 
the  hemi-ellipsoid  formed  by  the  inside  surface  of  the  insulation  liner  within 
the  forward  case  closure  section.  (Figure  4) 


ILHF1C  ^ 4 ^ ^CHFI 


’II 


T-JFI 


(26) 


Length  ratio,  hemi-ellipsoid  frustum  to  hemi-ellipsoid,  inside  surface, 
insulation  liner,  forward  case  closure,  (Figure  3) 


RLILCFI  " 


hi 


'CHFI 


'CLFI 


(27) 


Volume  of  ellipsoidal  cap  at  forv'ard  base  of  the  cylindrical  section, 
associated  with  the  igniter  cutout,  within  the  hemi-ellipsoid  formed  by  the 
inside  surface  of  the  insulation  liner  within  the  forward  case  closure  section. 
(Figure  4) 


IL 


CLFI 


IL 


2 - 3 R 


HFIE 


LILCFI 


+ R 


LILCFI 


(26) 
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EQUATIONS,  FIRST  ENTRANCE  (Cont.  )l 

INSULATION  LINER,  FORWARD  CLOSURE  SECTION  (Cont.  ); 


Volume  of  cylinder  with  ellipsoidal  cap,  associated  with  the  igniter  cutout, 
within  the  hemi-ellipsoid  formed  by  the  inside  surface  of  the  insulation 
liner  within  the  forward  case  closure  section.  (Figure  4) 


V = V 

ILHF?  IL 


+ V 


HFIE  ILHFIC 


(29) 


Volume  of  hemi-ellipsoid  frustum  with  hole  cutout  associated  with  the 
inside  surface  of  the  insulation  liner  within  the  forward  case  closure  section. 
(Figure  4) 


Vilchfi  Vilclfi  ilhfi 


(30) 


Volume  of  insulation  liner  within  the  forward  case  closure  section.  (Figure  4) 


IL 


CLF 


CHFO 


ILCHFl)  KjL3 


(31) 


INSULATION  LINER,  AFT  CLOSURE  SECTION: 

Head  ratio  of  the  ellipsoid  formed  by  the  outside  surface  of  the  insulation 
liner  within  the  aft  case  closure  section. 


RDILCAO  ~ rdcscai 


(3  2) 


Length  of  the  axis  of  revolution  of  the  hemi -ellipsoid  formed  by  the  outside 
surface  of  the  insulation  liner  within  the  aft  case  closure  section.  (Figures  5,  6) 


^L 


CLAO 


rdilcao  dilclo 

2 


(33) 


Diameter  of  circular  hole,  for  the  nozzle,  centered  on  the  axis  of  revolution 
of  the  hemi-ellipsoid  formed  by  the  outside  surface  of  the  insulation  liner 
within  the  aft  case  closure  section.  (Figure  5) 


DlLHAO  = D°shai  V + Kil6 


(34) 
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EQUATIONS,  FIRST  ENTRANCE  (Cont.  ); 

INSULATION  LINER,  AFT  CLOSURE  SECTION  (Cont.): 

Diameter  ratio,  hole  diameter  to  equatorial  diameter,  outside  surface  of 
the  insulation  liner  within  the  aft  case  closure  section.  (Figure  5) 


ILHAO 


• DILHAO 


IL, 


(35) 


CLO 


Length  of  hemi-ellipsoidal  frustum  associated  with  the  outside  surface  of 
the  insulation  liner  within  the  aft  case  closure  section.  (Figure  5) 


^L 


= L. 


CHAO 


IL 


11  - R 


CLAO 


DILHAO 


(36) 


Thickness  of  insulation  liner  at  center  of  aft  case  closure  section.  Distance 
between  the  inside  and  outside  hemi-eilipsoid  surfaces  of  the  insulation  liner, 
measured  on  the  axis  of  revolution.  (Figure  5) 


T 


IL 


CLA 


= TIL  KIL  + KIL 
ILjCY  VLj1 


(37) 


Length  of  the  axis  of  revolution  of  the  hemi -ellipsoid  formed  by  the  inside 
surface  of  the  insulation  liner  within  the  aft  case  closure  section.  (Figure  5) 


^L 


C LAI 


hL 


- T 


CLAO 


IL 


CLA 


(38) 


Head  ratio  of  the  ellipsoid  formed  by  the  inside  surface  of  the  insulation 
liner  within  the  aft  case  closure  section.  (Figure  5) 


^L 


CLAI 


■DILCAI 


TL 


(39) 


CLI 


Diameter  of  circular  hole,  for  the  nozzle,  centered  on  the  axis  of  revolution 
of  the  hemi-eilipsoid  formed  by  the  inside  surface  of  the  insulation  liner 
within  the  aft  case  closure  section.  (Figures  2,  5) 


Dilhai  Dilhao 


(40) 
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INSULG  INTERNAL  INSULATION  GEOMETRY  INGM1 


EQUATIONS,  FIRST  ENTRANCE  (Cont.  ): 


INSULATION  LINER,  AFT  CLOSURE  SECTION  (Cont.  ): 


Diameter  ratio,  hole  diameter  to  equatorial  diameter  inside  surface  of  the 
insulation  liner  within  the  aft  case  closure  section.  (Figure  5) 


_ °ilhai 
DILHAI  " ~TST. 

ILCU 


(41) 


Length  of  hemi-ellipsoidal  frustum  associated  with  the  inside  surface  of  the 
insulation  liner  within  the  aft  case  closure.  (Figure  5) 


LjL  = Ljjr 

1 CHAI  XCLAI 


a/1- 


DILHAI 


(42) 


Length  of  cylindrical  hole,  for  the  nozzle,  in  the  insulation  liner  within  the 
aft  case  closure  section.  (Figure  5) 


LiLHA  ' ^ 


CHAO 


' hL 


CHAI 


(43) 


Volume  of  the  hemi-ellipsoid  formed  by  the  outside  surface  of  the  insulation 
liner  within  the  aft  case  closure  section.  (Figure  6) 


ILCLAO 


^L 


CLAO 


IL 


CLO 


(44) 


Volume  of  the  cylindrical  section  associated  with  the  nozzle  cutout,  within 
the  hemi-ellipsoid  formed  by  the  outside  surface  of  the  insulation  liner 
within  the  aft  case  closure  section.  (Figure  6) 


ILHAOC 


* (+)  h, 


'CHAO 


ILHAO 


(45) 


Length  ratio,  hemi-ellipsoid  frustum  to  hemi-ellipsoid,  outside  surface, 
insulation  liner,  aft  case  closure.  (Figure  5) 


RLILCAO  = 


TT 

___CHAO 

^ILCLAO 


(46) 
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EQ UATIONS,  FIRST  ENTRANCE  (Cont.  ): 


u 


INSULATION  LINER,  AFT  CLOSURE  SECTION  {Cont. ): 

Volume  of  ellipsoidal  cap  at  aft  base  of  the  cylindrical  section,  associated 
with  the  nozzle  cutout,  within  the  hethi- ellipsoid  formed  by  the  outside  surface 
of  the  insulation  liner  within  the  aft  case  closure  section.  (Figure  6) 


ILHAOE 


■(- 


IL, 


CLAO 
2 


2 ~ 3 rlilcao  * rlilcao 


) 


(47) 


Volume  of  cylinder  with  ellipsoidal  cap,  associated  with  the  nozzle  cutout, 
within  the  hemi-ellipsoid  formed  by  the  outside  surface  of  the  insulation 
liner  within  the  aft  closure  section.  (Figure  6) 


ilhao  Vilhaoe  + Vilhaoc 


(48) 


Volume  of  the  hemi-ellipsoid  frustum  with  hole  cutout  associated  with  the 
outside  surface  of  the  insulation  liner  within  the  aft  case  closure  section. 
(Figure  6) 


'IL 


= V 


CHAO 


IL 


- V 


CLAO 


IL. 


HAO 


(49) 


Volume  of  the  hemi-ellipsoid  formed  by  the  inside  su  -face  of  the  insulation 
liner  within  the  aft  case  closure  section.  (Figure  6) 


'IL 


CLAI 


= (-5— ) _ ~il 


l,t  d 

CLAI  llJCU 


(50) 


Volume  of  the  cylindrical  section,  associated  with  the  nozzle  cutout,  within 
the  hemi-ellipsoid  formed  by  the  inside  surface  of  the  insulation  liner 
within  the  aft  case  closure  section.  (Figure  6) 


ILHAIC  ( 4 ^ ^CHAI  D ILHAI 


(51) 


Length  ratio,  hemi-ellipsoid  frustum  to  hemi-ellipsoid,  inside  surface, 
insulation  liner,  aft  case  closure.  (Figure  5) 


R 


LILCAI 


hi 

"hi 


'CHAI 


(52) 


CLAI 
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EQUATIONS,  FIRST  ENTRANCE  (Cont.  ): 


INSULATION  LINER,  AFT  CLOSURE  SECTION  (Cont.): 

Volume  of  ellipsoidal  cap  at  aft  base  of  the  cylindrical  section,  associated 
with  the  nozzle  cutout,  within  the  hemi-ellipsoid  formed  by  the  inside  surface 
of  the  insulation  liner  within  the  aft  case  closure  section.  (Figure  6) 


IL 


ILHAIE 


CLAI 


(2-3  Rulcai  + R ULCAIy 


(53) 


Volume  of  cylinder  with  ellipsoidal  cap,  associated  with  the  nozzle  cutout, 
within  the  hemi-ellipsoid  formed  by  the  inside  surface  of  the  insulation  liner 
within  the  aft  case  section.  (Figure  6) 


ilhai 


= V 


IL. 


+ V 


HAIE 


IL 


HAIC 


(54) 


Volume  of  hemi-ellipsoid  frustum  with  hole  cutout  associated  with  the  inside 
surface  of  the  insulation  liner  within  the  forward  closure  section,  (Figure  6) 


'IL, 


= V 


IL, 


- V 


IL. 


(55) 


JCHAI  CLAI  A~HAI 

Volume  of  insulation  liner  within  the  aft  case  closure  section.  (Figure  6) 


IL 


CLA 


■ (v 


IL 


- V 


CHAO 


IL 


K 


CHAT 


IL  * ^IL 
IL9  IL10 
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EQUATIONS,  SECOND  ENTRANCE: 


Equations  60  through  225  are  evaluated  at  the  second  entrance  to  the  INGM1 
model. 


INSULATION  WEDGE,  FORWARD  AND  AFT  CLOSURE; 


Equatorial  diameter  of  the  hemi-ellipsoids  formed  by  the  outside  surface  of 
the  insulation  wedges  associated  with  the  forward  and  aft  closure  sections, 
(Figures  7,  9,  11,  13) 


IW 


= D 


CLO 


IL, 


CLI 


(60) 


INSULATION  WEDGE,  FORWARD  CLOSURE: 


Maximum  thickness  of  the  insulation  wedge  associated  with  the  forward 
closure.  Measured  parallel  to  the  motor  centerline. 


IWFMAX 


^*IW  ^IW 
1WMAX  iW21 


(61) 


Diameter  of  the  circular  hole,  for  the  igniter,  centered  on  the  axis  of 
revolution  of  the  hemi-ellipsoid  formed  by  the  outside  surface  of  the 
insulation  wedge  associated  with  the  forward  case  closure  section, 
(Figures  7,  9) 


Diwhfo  = Dilhfi  Kiwi  + ^z 


(62) 


Diameter  of  the  circular  hole,  for  the  igniter,  centered  on  the  axis  of 
revolution  of  the  hemi-ellipsoid  formed  by  the  inside  surface  of  the 
insulation  wedge  associated  with  the  forward  case  closure  section. 
(Figures  7,  9) 
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(63) 


Length  of  the  cylindrical  hole,  for  the  igniter,  within  the  insulation  wedge 
of  the  forward  case  closure  section.  (Figures  7,  9) 
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INTERNAL  INSULATION  GEOMETRY 


INGM1 


A ■•“ 


EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 


INSULATION  WEDGE,  FORWARD  CLOSURE  (Cont.  ): 

Head  ratio  of  the  ellipsoid  associated  with  the  outside  surface  of  the 
insulation  wedge  within  the  forward  closure  section. 

RDIWCFO  = RDILCFI 


(65) 


Length  of  the  axis  of  revolution  of  the  hemi-ellipsoid  associated  with  the  outside 
surface  of  the  insulation  wedge  in  the  forward  closure  section.  (Figures  7,  9) 


RDIWCFO  diw 


CLO 


CLFO 


(66) 


Diameter  ratio,  hole  diameter  to  equatorial  diameter,  outside  surface  of 
the  insulation  wedge  in  the  lorward  case  closure  section.  (Figures  7,  9) 
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(67) 


CLO 


Length  of  the  hemi-ellipsoid  frustum  associated  with  the  outside  surface  of 
the  insulation  wedge  in  the  forward  case  closure  section.  (Figures  7,  9) 
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DIWHFO 


(68) 


Distance  from  the  equatorial  plane  of  the  hemi-ellipsoid  associated  with  the 
outside  surface  of  the  insulation  wedge  in  the  forward  closure  to  the  inside  base 
of  the  cylindrical  hole  cutout  for  the  igniter  within  the  insulation  wedge  in  the 
forward  closure.  (Figures  7,  9) 


1 


LlWCHFI  iwchfo  ^^f 


(69) 


Distance  from  the  inside/outside  wedge  surface  osculation  plane  to  the  inside 
base  of  the  cylindrical  hole  cutout  for  the  igniter.  Note  that  the  "inside/outside 
wedge  surface  osculation  plane"  may  be  within  the  forward  case  closure  section 
or  within  the  cylindrical  case  closure  section.  For  the  former  case  (see 
Figure  7),  it  is  defined  by  the  circle  of  osculation  formed  by  the  tangency  points 
of  the  inside  wedge  surface  hemi-ellipsoid  and  the  outside  wedge  surface  hemi- 
ellipsoid  section.  For  the  latter  case  (see  Figure  9),  it  is  defined  by  the  circle 
of  osculation  formed  by  the  tangency  points  of  the  inside  wedge  surface  hemi- 
ellipsoid  and  the  outside  wedge  surface  cylindrical  section.  Note  that  the 
proportionality  constant,  must  be  determined  by  the  user. 
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EQUATIONS,  SECOND  ENTRANCE  <Cont.  ): 

INSULATION  WEDGE,  FORWARD  CLOSURE  (Cont.  ): 

LiwHFi  = TppwEB  Kuwfi1  + KUWFI2  (70) 

Distance  from  the  equatorial  plane  of  the  hemi-ellipsoid  associated  with  the 
outside  surface  of  the  insulation  wedge  in  the  forward  case  closure  to  the 
"inside/outside  wedge  surface  osculation  plane.  " Note  that  the  insulation 
wedge  is  not  completely  within  the  forward  closure  section  if  LT,„ 
is  negative.  (Figures  7,  9) 

Liwcfi  iwchfi  Liwhfi 

IWINFCL  (Insulation  Wedge  IN  Forward  CLo  sure)  is  a logical  variable  which 
specifies  if  the  insulation  we*3ge  associated  with  the  forward  closure  is 
completely  within  the  forward  closure. 

IWINFCL  = , TRUE.  , wedge  is  completely  within  the  forward  closure. 

See  Figure  7. 

IWINFCL  = .FALSE.  , wedge  extends  beyond  the  forward  closure  into  the 

cylindrical  section  or  extends  to  the  intersection 
of  the  aft  closure  and  cylindrical  section. 

See  Figure  9. 

IWINFCL  = Ltw  .GT.O 
1 CFI 


CFI 

(71) 


INSULATION  WEDGE,  COMPLETELY  WITHIN  FORWARD  CLOSURE 
(IWINFCL  = . TRUE.  ): 


Equations  73  - 76  are  evaluated  if  IWINFCL  = . TRUE,  (i,  e. , L.,v  > 0) 
as  illustrated  in  Figure  7.  1 VCFI 


Diameter  of  the  circle  of  osculation  formed  by  the  tangency  points  of  the 
inside  wedge  surface  hemi-ellipsoid  and  the  outside  wedge  surface  hemi- 
ellipsoid  (Figure  7).  See  equation  77  for  an  alternate  expression. 
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EQUATIONS,  SECOND  ENTRANCE  (Cont. ): 

INSULATION  WEDGE,  COMPLETELY  WITHIN  FORWARD  CLOSURE 
(IWINFCL  = .TRUE.  )(Cont. ): 

Distance  from  the  equatorial  plane  of  the  hemi -ellipsoid  associated  with  the 
outside  surface  of  the  insulation  wedge  in  the  forward  closure  to  the 
equatorial  plane  of  the  hemi -ellipsoid  associated  with  the  inside  surface  of 
the  insulation  wedge  in  the  forward  case  closure.  {Figure  7)  See  equation  78 
for  an  alternate  expression.  (74) 
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div,,cfo(diwcfi  ‘ °IV'HFl) 


Length  of  the  axis  of  revolution  of  the  hemi  ellipsoid  associated  with  the 
inside  surface  of  the  insulation  wedge  in  the  forward  case  closure.  (Figure  7) 


Equatorial  diameter  of  hemi-eliipsoid  associated  with  the  inside  surface  of  the 
insulation  wedge  in  the  forward  case  closure.  (Figure  7)  See  equation  79 
for  an  alternate  expression.  
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(76) 


Equations  77  - 81  are  evaluated  if  IWINFCL  « .FALSE,  (i.e. , L^y 
a*:  illustrated  in  figure  9.  CFI 


£ 0) 


Diameter  of  the  circle  of  osculation  formed  by  the  tangency  points  of  the 
inside  wedge  surface  hemi -ellipsoid  and  the  outside  wedge  surface  cylinder. 
(Figure  9)  See  equation  73  for  an  alternate  expression. 
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(77) 


Distance  from  the  equatorial  plane  of  the  hemi-ellipsoid  associated  with  the 
outside  surface  of  the  insulation  wedge  in  the  forward  case  closure  to  the 
equatorial  plane  of  the  hemi-ellipsoid  associated  with  the  inside  surface 
of  the  insulation  wedge  in  the  forward  case  closure.  (Figure  9)  See 
equation  74  for  an  alternate  expression. 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 

INSULATION  WEDGE,  EXTENDS  BEYOND  FORWARD  CLOSURE 
(IWINFCL  = . FALSE.  ) (Cont.  ): 


^W 
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w 


CFI 


(78) 


Equatorial  diameter  of  the  hemi-ellipsoid  associated  with  the  inside  surface 
of  the  insulation  wedge  in  the  forward  case  closure.  (Figure  9)  See 
equation  76  for  an  alternate  expression. 
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(79) 


Diameter  ratio,  hole  diameter  to  equatorial  diameter,  inside  surface  of 
insulation  wedge  in  the  forward  case  closure.  (Figure  9) 
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(80) 


Length  of  the  axis  of  revolution  of  the  hemi-ellipsoid  associated  with  the 
inside  surface  of  the  insulation  wedge  in  the  forward  case  closure.  (Figure  9) 
See  equation  75  for  an  alternate  expression. 
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(81) 


INSULATION  WEDGE,  FORWARD  CLOSURE: 


Head  ratio  of  the  ellipsoid  associated  with  the  inside  surface  of  the  insulation 
wedge  in  the  forward  case  closure  section. 

RDIwCFI  = ( DIW^|  -j 

Distance  from  the  pole  of  the  hemi-ellipsoid  associated  with  the  inside  surface 
of  the  insulation  wedge  in  the  forward  closure  to  the  equatorial  plane  of  the 
hemi-ellipsd  d associated  with  the  outside  surface  of  the  insulation  wedge  in 
the  forward  closure.  Note  that  if  the  wedge  extends  beyond  the  closure  into 
the  cylindrical  section,  LTW  has  a negative  value  (Figures  7,  9) 

CEFI 
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INTERNAL  INSULATION  GEOMETRY 


EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 


I 


INSULATION  WEDGE,  FORWARD  CLOSURE  (Cont.  ): 

^TW  = ^TW  * IW  \ (82) 

1WCLFI  ^WEFI  '~WCEFlj 

Distance  from  the  pole  of  the  hemi -ellipsoid  associated  with  the  inside 
surface  of  the  insulation  wedge  in  the  forward  closure  to  the  forward  closure 
inside/outside  surface  osculation  plane.  Note  that  if  the  wedge  extends  beyond 
the  closure  into  the  cylindrical  section,  L-w  has  a negative  value. 

(Figures  7,  9)  iWCFI 


CLFI 


f^CFl) 


Distance  from  the  equatorial  plane  of  the  hemi -ellipsoid  associated  with  the 
inside  surface  of  the  insulation  wedge  in  the  forward  case  closure  to  the  inside 
base  of  the  cylindrical  hole  cutout  for  the  igniter  within  the  insulation  wedge 
in  the  forward  closure.  (Figures  7,  9) 


*-*IW  = L 

1 EHFI 


IWEFI  LlWFI 


Volume  of  the  hemi -ellipsoid  associated  with  the  outside  surface  of  the 
insulation  wedge  within  the  forward  case  closure.  (Figures  7,  8,  9,  10) 
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Length  ratio,  hemi-ellipsoid  frustum  to  hemi-ellipsoid,  outside  surface, 
insulation  wedge,  forward  case  closure  section.  (Figures  7,  9) 
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Volume  of  ellipsoidal  cap,  at  forward  base  of  the  cylindrical  section 
associated  with  the  igniter  cutout,  within  the  hemi-ellipsoid  associated  with 
the  outside  surface  of  the  insulation  wedge  in  the  forward  case  closure  section. 
(Figures  8,  10) 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ); 
INSULATION  WEDGE,  FORWARD  CLOSURE  (Cont.  ): 


Volume  of  the  cylindrical  section,  associated  with  the  ignitor  hole,  within 
the  hemi-ellipsoid  associated  with  the  outside  surface  of  the  insulation  wedge 
in  the  forward  case  closure  section.  (Figures  8,  10) 

viw  * HH  hw  Dtw  (8S) 

1 HFOC  * ’ lWCHFO  iWHFI 

INSULATION  WEDGE,  COMPLETELY  WITHIN  FORWARD  CLOSURE 
(IWINFCL  = . TRUE.  ): 


Equations  89  - 93  are  evaluated  if  the  insulation  wedge  is  completely  within 
the  forward  closure,  i.e.  , L-w  >0.  (See  Figures  7,  8) 

lWCFI 

Volume  of  the  cylindrical  section,  associated  with  the  igniter  hole,  within 
the  hemi-ellipsoid  associated  with  the  outside  surface  of  the  insulation  wedge 
in  the  forward  case  closure  section.  The  bases  of  the  cylindrical  section  are 
the  equatorial  plane  cf  the  hemi-ellipsoid  and  the  ''inside/outside  wedge 
surface  osculation  plane".  (Figures  7,  8) 
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(89) 


Volume  of  the  cylinder  with  ellipsoidal  cap,  associated  with  the  igniter  hole, 
within  the  hemi-ellipsoid  associated  with  the  outside  surface  of  the  insulation 
wedge  in  the  forward  case  closure  section.  The  cylindrical  base  is  the 
"inside/outside  wedge  surface  osculation  plane".  (Figures  7,  8)  See  equation 
95  for  an  alternate  expression. 
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Length  ratio,  hemi-ellipsoid  frustum  (with  equatorial  and  "inside/outside 
wedge  surface  osculation  plane"  bases)  to  hemi-ellipsoid,  outside  surface, 
insulation  wedge,  forward  base  closure  section.  (Figures  7,  8) 
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EQUATIONS,  SECOND  ENTRANCE  (Cont. ): 

INSULATION  WEDGE.  COMPLETELY  WITHIN  FORWARD  CLOSURE 
(IWINFCL  = . TRUE. ) (Cont. ): 

Volume  of  the  ellipsoidal  cap  formed  by  the  intersection  of  the  "inside/ 
outside  wedge  surface  osculation  plane"  and  the  hemi-ellipsoid  associated 
with  the  outside  surface  of  the  insulation  wedge  in  the  forward  case  closure 
section.  (Figurea  8,  9) 
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3 RLIWCF2  + RLIWCF2 


Volume  of  the  ellipsoidal  cap  with  hole  cutout  for  the  igniter,  formed  by  the 
intersection  of  the  "inside/outside  wedge  surface  osculation  plane"  and  the 
hemi-ellipsoid  associated  with  the  outside  surface  of  the  insulation  wedge  in 
the  forward  case  closure  section.  {Figure  8)  See  equation  97  for  an  alternate 
expression. 


CHFO 


CFOE 


HFO 


INSULATION  WEDGE,  EXTENDS  3EYONP  FORWARD  CLOSURE 
(IWINFCL  = .FALSE.): 

Equations  94  - 97  are  evaluated  if  the  insulation  wedge  is  not  completely 
within  the  forward  closure,  i.  e. , L^  < 0.  (See  Figures  9,  10) 

CFI 

Volume  of  the  cylindrical  section,  associated  with  the  igniter  hole,  within 
the  cylindrical  case  section  associated  with  the  outside  surface  of  the 
insulation  wedge  in  the  forward  case  closure  section.  The  bases  of  the 
cylindrical  section  are  the. equatorial  plane  of  the  hemi-ellipsoid  and  the 
"inside/outside  wedge  surface  osculation  plane".  (Figures  9,  10)  Note  that 
this  is  a positive  volume.  See  equation  90  for  an  alternate  expression. 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 

INSULATION  WEDGE,  EXTENDS  BEYOND  FORWARD  CLOSURE 
(IWINFCL  = . FALSEJ  (Cont.  ): 


Volume  of  the  cylinder,  with  ellipsoidal  cap,  associated  with  the  igniter  hole, 
in  the  hemi-ellipsoid  and  cylinder  associated  with  the  outside  surface  of  the 
insulation  wedge  in  the  forward  case  closure  section.  (Figure  10)  See 
equation  90  for  an  alternate  expression. 
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(95) 


Volume  of  the  cylindrical  section  associated  with  the  outside  surface  of  the 
insulation  wedge  in  the  forward  case  closure  section.  (Figures  9,  10) 

Note  that  this  is  a positive  volume. 
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Volume  of  hemi-ellipsoid  and  cylinder,  with  hole  cutout  for  the  igniter,  which 
forms  the  outside  surface  of  the  insulation  wedge  in  the  forward  case  closure 
section.  (Figures  8,  10)  See  equation  93  for  an  alternate  expression. 
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INSULATION  WEDGE,  FORWARD  CLOSURE; 

Volume  of  the  hemi-ellipsoid  associated  with  the  inside  surface  of  the 
insulation  wedge  within  the  forward  case  closure  section.  (Figures  7,  9) 
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Length  ratio,  hemi-ellipsoid  frustum  (with  equatorial  and  inside  cylindrical 
hol<  cutout  for  the  igniter  bases)  to  hemi-ellipsoid,  inside  surface, 
nsulation  wedge,  forward  case  closure  section.  (Figures  7,  9) 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 
INSULATION  WEDGE,  FORWARD  CLOSURE  (Cont.  ): 


Volume  of  ellipsoidal  cap,  at  forward  base  of  the  cylindrical  section 
associated  with  the  igniter  cutout,  within  the  hemi -ellipsoid  associated  with 
the  inside  surface  of  the  insulation  wedge  in  the  forward  case  closure 
section.  (Figures  8,  10) 
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(100) 


Volume  of  the  cylindrical  section,  associated  with  the  igniter  hole,  within 
the  hemi-ellipsoid  associated  with  the  inside  surface  of  the  insulation  wedge 
in  the  forward  case  closure  section.  (Figures  8,  10) 
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(101) 


Volume  of  the  cylinder  with  ellipsoidal  cap,  associated  with  the  igniter  hole, 
in  the  hemi-ellipsoid  associated  with  the  inside  surface  of  the  insulation 
wedge  in  the  forward  case  closure  section.  (Figures  8,  10) 
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Length  ratio,  hemi-ellipsoid  frustum  (with  equatorial  and  "inside/outside 
wedge  surface  osculation  plane"  bases)  to  hemi-ellipsoid,  inside  surface, 
insulation  wedge,  forward  case  closure  section.  (Figures  7,  9) 


LIWCF4 


(103) 


Volume  of  the  ellipsoidal  cap  associated  with  the  inside  surface  of  the 
insulation  wedge  in  the  forward  case  closure  section.  If  the  insulation  wedge 
extends  beyond  the  closure,  VTW  is  the  hemi-ellipsoid  volume. 

(Figures  8,  10)  iWEFIE 


EFIE 


2-3  RUWCF4  + RLIWCF4J 


(104) 


80.  1-25 


INSU  LG 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 


INSULATION  WEDGE,  FORWARD  CLOSURE  (Cont.  ): 

Volume  of  the  ellipsoidal  cap,  with  hole  cutout  for  the  igniter,  which  forms 
the  inside  surface  of  the  insulation  wedge  in  the  forward  case  closure 
section.  (Figures  8,  10) 
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(105) 


Volume  of  insulation  material  required  for  the  insulation  wedge  associated 
with  the  forward  case  closure  section.  (Figures  8,  10) 
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(106) 


INSULATION  WEDGE,  AFT  CLOSURE,  BOUNDS  FOR  AN  ACCEPTABLE 
SOLUTION: 

The  following  conditions  must  be  satisfied  for  acceptable  solutions  in 
determining  the  insulation  wedge  volume  requirements  associated  with  the 
aft  closure.  If  the  conditions  are  not  satisfied,  a diagnostic  is  usually 
printed  and  computations  of  sizing  quantities  may  be  terminated.  See 
Figures  11,  13  and  the  figures  associated  with  the  GRAING  model  type. 


The  forward  base  of  the  submerged  nozzle  cone  frustum  grain  cutout  must 
not  be  aft  of  the  aft  closure. 
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(107 -a) 


If  the  forward  base  of  the  submerged  nozzle  cone  frustum  grain  cutout  is  in 
the  cylindrical  section,  its  diameter  may  not  exceed  the  diameter  of  the 
inside  surface  of  the  insulation  liner  within  the  cylindrical  section. 

F°r  (-  lcfcy)  £ 0:  °<dcff  <107-b> 


If  the  forward  base  of  the  submerged  nozzle  cone  frustum  grain  cutout  is 
in  the  closure  section,  its  diameter  may  not  exceed  the  diameter  of  the  inside 
surface  of  the  insulation  liner  within  the  closure  section. 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 


INSULATION  WEDGE,  AFT  CLOSURE.  BOUNDS  FOR  AN  ACCEPTABLE 
SOLUTION  (Cont. ): 

The  "inside/outside  wedge  surface  osculation  plane"  must  be  forward  of  the 
forward  base  of  the  submerged  nozzle  cone  frustum  insulation  wedge  cutout. 
See  Figures  11,  13. 


Liwhai>  Nchai  + Lcfcy] 


(107 -d) 


The  forward  base  of  the  submerged  nozzle  cone  frustum  grain  cutout  must 
be  forward  of  the  aft  base  of  the  submerged  nozzle  cone  frustum  grain  cutout. 
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INSULATION  WEDGE,  AFT  CLOSURE: 

Maximum  thickness  of  the  insulation  wedge  associated  with  the  aft  closure. 
Measured  parallel  to  the  slant  height  of  the  cone  frustum  grain  cutout. 

See  Figures  11,  13. 
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(108) 


Diameter  of  the  aft  base  of  the  cone  frustum  hole,  for  the  nozzle  cutout, 
centered  on  the  axis  of  revolution  of  the  hemi  -ellipsoid  formed  by  the 
outside  surface  of  the  insulation  wedge  associated  with  the  aft  case  closure 
section.  (Figures  11,  13) 
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K[wn  + K'W1 


(109) 


Diameter  of  the  forward  base  of  the  cone  frustum  hole,  for  the  nozzle  cutout, 
centered  on  the  axis  of  revolution  of  the  hemi-ellipsoid  formed  by  the  inside 
surface  of  the  insulation  wedge  associated  with  the  aft  case  closure  section. 
(Figures  11,  13) 
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INGMI 


EQUATIONS,  SECOND  ENTRANCE  (Contt. ): 


INSULATION  WEDGE,  AFT  CLOSURE  (Cont. ): 

Altitude  of  the  cone  frustum,  for  the  nozzle  cutout,  within  the  insulation 
wedge  of  the  aft  case  closure  section.  (Figures  11,  13) 
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17 


IW 


18 


(111) 


Head  ratio  of  the  ellipsoid  associated  with  the  outside  surface  of  the 
insulation  wedge  in  the  aft  case  closure  section.  See  equation  39. 


RDIWCAO  = RDILCAI 


(112) 


Length  of  the  axis  of  revolution  of  the  hemi -ellipsoid  associated  with  the 
outside  surface  of  the  insulation  wedge  in  ther  aft  closure  section. 
(Figures  11,  13) 
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(113) 


Diameter  ratio,  aft  base  of  cone  frustum  hole  to  equatorial  diameter, 
outside  surface  of  the  insulation  wedge  in  the  aft  case  closure  section. 
(Figures  11,  13) 
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(114) 


Length  of  the  hemi -ellipsoid  frustum  associated  with  the  outside  surface 
of  the  insulation  wedge  in  the  aft  case  closure  section.  (Figures  11,  13) 
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Distance  from  the  equatorial  plane  of  the  hemi-ellipsoid  associated  with  the 
outside  surface  of  the  insulation  wedge  in  the  aft  case  closure  section  to 
forward  base  of  the  cone  frustum  hole,  for  the  nozzle  cutout,  within  the 
insulation  wedge  in  the  aft  case  closure  section.  (Figures  11,  13) 
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INSULG 


INTERNAL  INSULATION  GEOMETRY 


EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 


DETERMINATION  IF  AFT  CLOSURE  WEDGE  EXTENDS  BEYOND 
THE  CLOSURE: 


To  determine  if  the  insulation  wedge  lies  completely  within  the  aft  case 
closure  section  (see  Figure  11),  or  extends  beyond  the  aft  closure  section 
into  the  cylindrical  section  (see  Figure  13),  the  following  procedure 
is  utilized. 


is 


first  evaluated  using  the  cylindrical  geometry  of  equation  117. 


if  Li 


w 


S 0,  (i.e.,  IWINACL  = .FALSE.), 

CAI  the  "inside/outside  wedge  surface  osculation  plane"  lies 

within  the  cylindrical  section  and  equation  119  is  used  to 


evaluate  D 


IW 


CAI 


See  Figure  13. 


if  Li 


w 


> 0,  (i.e.,  IWINACL  = .TRUE.), 

CAI  the  "inside/outside  wedge  surface  osculation  plane"  lies 

within  the  aft  closure  section  and  the  ellipsoidal  geometry 
of  equations  120  - 124  must  be  used  to  reevaluate 


4 


W 


and  D. 


CAI 


IW 


CAI 


? 


2 


f 

! 


A 


For  a derivation  of  equations  117  - 124,  and  root  selection  rationale,  see 
reference  55. 


Distance  from  the  "equatorial  plane  of  the  aft  closure  outside  wedge  surface 
hemi-ellipsoid"  to  the  "inside/outside  wedge  surface  osculation  plane". 
Measured  along  the  axis  of  revolution,  positive  sense  aft.  A positive  value 
indicates  that  the  wedge  is  completely  within  the  aft  closure.  A negative 
value  indicates  that  the  wedge  extends  beyond  the  aft  closure  into  the 
cylindrical  section.  See  IWINACL,  equation  118.  See  equation  124  for  an 
alternate  expression. 


Hr)  (diwclo  ' dcff)  tan  ^cj) 


(117) 
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EQUATIONS,  SECOND  ENTRANCE  (Cont,  ): 

DETERMINATION  IF  AFT  CLOSURE  WEDGE  EXTENDS  BEYOND  THE 
CLOSURE  (Cont.  ): 


IWINACL  (Insulation  Wedge  IN  Aft  CLosure)  is  a logical  variable  which 
specifies  if  the  insulation  wedge  associated  with  the  aft  closure  is  completely 
within  the  aft  closure. 

If  IWINACL  = . TRUE. ; the  insulation  wedge  is  completely  within  the 

aft  closure.  Equations  124,  123  are  used  to 
evaluate  L.^  and  D^  . See  Figures  11,  12. 
WCAI  WCAI 


If  IWINACL  - . FALSE. ; 


the  insulation  wedge  extends  beyond  the  »ft  closure 
into  the  cylindrical  section,  or  extends  to  the 
intersection  of  the  aft  closure  and  cylindrical 
section.  Equations  117,  119  are  used  to  evaluate 


and  D. 


CAI 


IW 


CAI 


See  Figures  13,  14. 


For  the  following  logical  expression. 


is  evaluated  using  equation  117. 


IWINACL  = Ltw  .GT.  O 
1WCAI 


(118) 


INSULATION  WEDGE,  EXTENDS  BEYOND  AFT  CLOSURE 
(IWINACL  = . FALSE.  ): 

Equation  119  is  evaluated  if  the  insulation  wedge  extends  beyond  the  aft 
closure  into  the  cylindrical  section,  i.  e. , LTW  « 0. 

1WCAI 

Note  that  LTur  is  evaluated  using  equation  117  above. 

1 XAI 


Diameter  of  the  "inside/outside  osculation  circle"  associated  with  the 

aft  closure  insulation  wedge,  (Figure  15)  See  equation  123  for  an  alternate 

expression. 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ); 

INSULATION  WEDGE,  COMPLETELY  WITHIN  AFT  CLOSURE 
(I  WIN  ACL  = . TRUE. ): 


Equations  120  - 124  are  evaluated  if  the  insulation  wedge  lies  completely 
within  the  aft  closure,  i.  e.  , L.^,  > 0 as  evaluated  by  equation  117. 

1WCAI 

Note  that  L.^,  is  reevaluated  using  equation  124. 
iVVCAI 


Equations  120  - 122  are  intermediate  computations  for  D^ 
in  reference  55.  CAI 


as  shown 


C|wr  s tan 
A 


If  \ 

VCf)  ' *'  DIWCAO 


+ R 


ciwB  = ’t?n 


(’cf)  [2(-lcfcy)  * dcff  «“  f>CI] 


(120) 

(121) 

(122) 


ClWC  = L2cFCY  ‘ ^CLAO 


cfJ 


Diameter  of  the  "inside /outside  osculation  circle"  associated  with  the  aft 
closure  insulation  wedge.  Se  IWINACL,  equation  118  and  Figure  11.  See 
equation  119  for  an  alternate  expression. 

"ClWB  +\/  °^WB  " 4 °IWA  CTWC 

D.w  = 2 * 1 A C (U3) 

CAI  CIW. 


Distance  from  the  "equatorial  plane  of  the  aft  closure  outside  wedge  surface 
hemi-ellipsoid"  to  the  "inside /outside  wedge  surface  osculation  plane". 
Measured  along  the  axis  of  revolution,  positive  sense  aft.  Since  the  wedge  is 
completely  within  the  aft  closure,  the  value  will  be  positive.  Se  IWINACL, 
equation  118,  and  Figure  11,  See  equation  117  for  an  alternate  expression. 


hr)  (°IWCAI  “ DCFf)  tan(*CF) 


(124) 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 


INSULATION  WEDGE,  AFT  CLOSURE: 

Distance  from  the  "inside /outside  wedge  surface  osculation  plane"  to  the 
inside  base  of  the  cone  frustum  hole  cutout  of  the  insulation  wedge  for  the 
nozzle.  Note  that  the  "inside/outside  wedge  surface  osculation  plane"  may 
be  within  the  aft  case  closure  section  or  within  tha  cylindrical  case  closure 
section.  For  the  former  case  (see  Figure  11),  it  is  defined  by  the  circle 
of  osculation  formed  by  the  tangency  points  of  the  inside  wedge  surface  hemi- 
ellipsoid  and  the  outside  wedge  surface  hemi-ellipsoid  section.  For  the 
latter  case  (see  Figure  13),  it  is  defined  by  the  circle  of  osculation  formed  by 
the  tangency  points  of  the  inside  wedge  surface  hemi-ellipsoid  and  the  outside 
wedge  surface  cylindrical  section. 


"IVV  ~ iw 

HAI  1 WCHAI 


(125) 


INSULATION  WEDGE,  COMPLETELY  WITHIN  THE  AFT  CLOSURE 
(IWINACL  = TRUE.  ): 

Equations  126  - 128  are  evaluated  if  the  insulation  wedge  lies  completely 
within  the  aft  closure.  See  equations  129  - 131  if  the  wedge  extends  beyond 
the  aft  closure  into  the  cylindrical  section. 

Distance  from  the  equatorial  plane  of  the  hemi-ellipsoid  associated  with  the 
outside  surface  of  the  insulation  wedge  in  the  aft  case  closure  section  to  the 
equatorial  plane  of  the  hemi-ellipsoid  associated  with  the  inside  surface  of 
the  insulation  wedge  in  the  aft  case  closure  section.  (Figure  11)  See 
equation  129  for  an  alternate  expression.  (126) 


2 _ t 2 > 

IWCAI  ^CHAl/ 


+ R2  (dZ 

KDIWCAOriW, 


CEAI 


^IWHAI  " RDIWCAO(DIWcai 


Length  of  the  axis  of  revolution  of  the  hemi-ellipsoid  associated  with  the 
inside  surface  of  the  insulation  wedge  in  the  aft  case  closure.  (Figure  11) 
See  equation  131  for  an  alternate  expression.  ,, 
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EQUATIONS.  SECOND  ENTRANCE  (Cont. ); 

INSULATION  WEDGE,  COMPLETELY  WITHIN  THE  AFT  CLOSURE 
(IWEN ACL  = . TRUE.  HCont.  ): 

Equatorial  diameter  of  the  hemi  -ellipsoid  associated  with  the  inside  surface 
of  the  insulation  wedge  in  the  aft  case  closure  section.  (Figure  11)  See 
equation  130  for  an  alternate  expression. 

oIW 

iWEAI  \ KDIWCAO  / 

INSULATION  WEDGE,  EXTENDS  BEYOND  AFT  CLOSURE 
(IWINACL  = . FALSE.  ): 


4w 


CAI 


(LlWCAI  " UlWCEAl) 


(128) 


Equations  129  - 131  below  are  evaluated  if  the  insulation  wedge  extends 
beyond  the  aft  closure  into  the  cylindrical  section,  as  illustrated  by  Figure  13. 

Distance  from  the  equatorial  plane  of  the  hemi-ellipsoid  associated  with  the 
outside  surface  of  the  insu’ation  wedge  in  the  aft  case  closure  section  to 
the  equatorial  plane  of  the  hemi-ellipsoid  associated  with  the  inside  surface 
of  the  insulation  wedge  in  the  aft  case  closure  section.  (Figure  13)  See 
equation  126  for  an  alternate  expression. 


4w 


CEAI 


(129) 


Equatorial  diameter  of  the  hemi-ellipsoid  associated  with  the  inside  surface 
of  the  insulation  wedge  in  the  aft  case  closure  section.  (Figure  13)  See 
equation  128  for  an  alternate  expression. 
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Length  of  the  axis  of  revolution  of  the  hemi-ellipsoid  associated  with  the 
inside  surface  of  the  insulation  wedge  in  the  aft  case  closure  section. 
(Figure  13)  See  equation  127  for  an  alternate  expression. 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 


INSULATION  WEDGE,  AFT  CLOSURE: 

Head  ratio  of  the  ellipsoid  associated  with  the  inside  surface  of  the  insulation 
wedge  in  the  aft  case  closure  section. 


‘DIWCAI 


(131 -a) 


Distance  from  the  pole  of  the  hemi -ellipsoid  associated  with  the  inside  surface 
of  the  insulation  wedge  in  the  aft  closure  to  the  equatorial  plane  of  the  hemi- 
ellipsoid  associated  with  the  outside  surface  of  the  insulation  wedge  in  the  aft 
closure.  Note  that  if  the  wedge  extends  bevond  the  closure  into  the  cylindrical 
section,  L>TW  has  a negative  value.  (Figures  11,  13) 
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Distance  from  the  pole  of  the  hemi-ellipsoid  associated  with  the  inside  surface 
of  the  insulation  wedge  in  the  aft  closure  to  the  aft  closure  "inside/outside 
wedge  surface  osculation  plane".  Note  that  if  the  wedge  extends  beyond  the 
closure  into  the  cylindrical  section,  LTW  has  a negative  value. 

(Figures  11,  13)  CAI 
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Distance  from  the  equatorial  plane  of  the  hemi-ellipsoid  associated  with  the 
inside  surface  of  the  insulation  wedge  in  the  aft  case  closure  to  the  inside 
base  of  the  cone  frustum  cutout  within  the  insulation  wedge  in  the  aft  case 
closure  section.  (Figures  11,  13) 
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Volume  of  the  hemi-ellipsoid  associated  with  the  outside  surface  of  the 
insulation  wedge  in  the  aft  case  closure  section.  (Figures  11,  13,  14) 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 

INSULATION  WEDGE,  AFT  CLOSURE  (Cont.  ): 

Length  ratio,  hemi -ellipsoid  frustum  to  hemi-ellipsoid,  outside  surface, 
insulation  wedge,  aft  case  closure  section.  (Figures  11,  13) 
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Volume  of  the  ellipsoidal  cap,  at  aft  base  of  the  cone  frustum  section  associated 
with  the  nozzle  cutout,  within  the  hemi-ellipsoid  associated  with  the  outside 
surface  of  the  insulation  wedge  in  the  aft  case  closure  section.  (Figures  12,14) 
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(137) 


Volume  of  the  cylindrical  section,  associated  with  the  nozzle  cutout,  within 
the  hemi-ellipsoid  frustum  associated  with  the  outside  surface  of  the 
insulation  wedge  in  the  aft  case  closure  section.  (Figures  12,  14) 
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INSULATION  WEDGE,  COMPLETELY  WITHIN  CLOSURE  (IWINACL  = .TRUE.): 

Equations  139  - 141  are  evaluated  if  the  insulation  wedge  lies  completely  within 
the  aft  closure.  See  Figures  11,  12. 

Length  ratio,  hemi-ellipsoid  frustum  (with  equatorial  and  "inside/outside 
wedge  surface  osculation  plane"  bases)  to  hemi-ellipsoid,  outside  surface, 
insulation  wedge,  aft  case  closure  section.  (Figures  11,  12) 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 


INSULATION  WEDGE,  COMPLETELY  WITHIN  CLOSURE 
(IWINACL  = . TRUE.  )(Cont.  ): 

Volume  of  the  ellipsoidal  cap  formed  by  the  intersection  of  the  "inside/outside 
wedge  surface  osculation  plane"  and  the  hemi-ellipsoid  associated  with  the 
outside  surface  of  the  insulation  wedge  in  the  aft  case  closure  section. 

(Figure  12) 
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(140) 


Volume  of  the  hemi-ellipsoid  frustum,  with  cylindrical  hole  cutout, 
associated  with  the  outside  surface  of  the  insulation  wedge  in  the  aft  case 
closure  section.  (Figure  12)  See  equation  143  for  an  alternate  expression. 
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INSULATION  WEDGE,  EXTENDS  BEYOND  AFT  CLOSURE 
(IWINACL  = . FALSE.  ): 

Equations  142,  143,  are  evaluated  if  the  insulation  wedge  extends  beyond 
the  afi  closure  into  the  cylindrical  section.  See  Figures  13,  14. 

Volume  of  the  cylindrical  section  associated  with  the  outside  surface  of  the 
insulation  wedge  in  the  aft  case  closure  section.  (Figures  13,  14)  Note 
that  this  is  a positive  volume. 
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Volume  of  the  hemi-ellipsoid  frustum,  with  cylindrical  hole  cutout, 
associated  with  the  outside  surface  of  the  insulation  wedge  in  the  aft  closure 
section.  (Figure  14)  See  equation  141  for  an  alternate  expression. 
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EQUATIONS,  SECOND  ENTRANCE  (Cont. ); 

INSULATION  WEDGE,  AFT  CLOSURE: 

Volume  of  the  hemi -ellipsoid  associated  with  the  inside  surface  of  the 
insulation  wedge  within  the  aft  case  closure.  (Figures  11,  13) 


(144) 


Length  ratio,  hemi-ellipsoid  frustum  (with  equatorial  base  and  inside  nozzle 
cutout  base)  to  hemi-ellipsoid,  inside  surface,  insulation  wedge,  aft  case 
closure  section.  (Figures  11,  13) 
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(145) 


Volume  of  the  ellipsoidal  cap,  at  the  aft  base  of  the  cone  frustum  section 
associated  with  the  nozzle  cutout,  within  the  hemi-ellipsoid  associated  with 
the  inside  surface  of  the  insulation  wedge  in  the  aft  case  closure  section. 
(Figures  12,  14) 

VlWHAIE  = ( 2 EAI)  (Z  " 3 RUWCA3  + RLIWCA3/)  <146) 

Volume  of  the  cylindrical  section,  associated  with  the  nozzle  cutout,  within 
the  hemi-ellipsoid  associated  with  the  inside  surface  of  the  insulation  wedge 
in  the  aft  case  closure  section.  (Figures  12,  14) 
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Volume  of  the  cylinder,  with  ellipsoidal  cap,  associated  with  the  nozzle 
cutout  cone  frustum,  in  the  hemi-ellipsoid  associated  with  the  inside  surface 
of  the  insulation  wedge  in  the  aft  case  closure  section.  (Figures  12,  14) 
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EQUATIONS,  SECOND  ENTRANCE  (Cont. ): 


INSULATION  WLPGE,  AFT  CLOSURE  (Cont.  ): 


Length  ratio,  hemi -ellipsoid  frustum  (with  equatorial  and  "inside/outside 
wedge  surface  osculation  plane"  bases)  to  hemi-ellipsoid,  inside  surface, 
insulation  wedge,  aft  case  closure  section.  (Figures  11,  13) 
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Volume  of  the  ellipsoidal  cap  associated  with  the  inside  surface  of  the 
insulation  wedge  in  the  aft  case  closure.  If  the  insulation  wedge  extends 
beyond  the  closure,  VTW  is  the  hemi-ellipsoid  volume.  (Figures  12,  14) 
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Volume  of  the  ellipsoidal  cap,  with  cylindrical  hole  cutout  associated  with  the 
core  frustum  hole  cutout  for  the  nozzle,  which  forms  the  inside  surface  of 
the  insulation  wedge  in  the  aft  case  closure  section.  (Figures  12,  14) 
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Area  of  triangular  section,  associated  with  the  cone  frustum  cutout  for  the 
nozzle,  within  the  aft  case  closure  section,  (Figures  12,  14) 
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Distance  from  axis  of  revolution  to  centroid  of  triangular  section  in  insulation 
wedge,  associated  with  the  cone  frustum  cutout  for  the  nozzle,  within  the 
aft  case  closure  section.  (Figures  11,  13) 
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Volume  of  triangular  section  in  the  insulation  wedge,  associated  with  the 
cone  frustum  cutout  for  the  nozzle,  within  the  aft  case  closure  section. 
(Figures  12,  14) 
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EQUATIONS,  SECOND  ENTRANCE  (Gont. ); 


INSULATION  WEDGE,  AFT  CLOSURE  (Cont.  ); 
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Volume  of  insulation  material  required  for  the  insulation  wedge  associated 
with  the  aft  case  closure  section.  (Figures  12,  14) 
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SLOT  AND  JOINT  INSULATION,  BOUNDS  FOR  ACCEPTABLE  SOLUTIONS; 

The  following  conditions  must  be  satisfied  for  acceptable  solutions  in 
determining  the  insulation  slot  and  joint  volume  requirements.  If  the 
conditions  are  not  satisfied,  a diagnostic  is  usually  printed  and  computations 
of  sizing  quantities  may  be  terminated.  (Figures  16,  17) 
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(156 -h) 

Ljs  ? o 

x5PG1 

(156-i) 

\ * 

hj  * 0 

1JPG1 

(156-j) 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 

SLOT  AND  JOINT  INSULATION,  CUTOUT  REQUIREMENTS: 


Number  of  slot  cutouts  in  grain  to  be  insulated.  Integer  valued  real  number 
(floating  point  integer). 


N. 


IS 


N 


CUT 


IS 


+ N 


EHO 


IS 


IH1 


(157) 


CUTOUTS  (CUT  OUT  in  grain  for  Slot)  is  a logical  variable  which  specifies 
if  there  are  slot  cutouts  within  the  grain  which  require  insulation. 

If  CUTOUTS  = . TRUE.  ; there  is  at  least  one  slot  cutout  requiring 

insulation.  Either  one  or  no  slot  burning  surface 
may  be  inhibited. 

If  CUTOUTS  = .FALSE.  ; there  are  no  slot  cutouts  requiring  insulation. 

CUTOUTS  = N„  . GT.  O (157-a) 

li3CVT 


CUTOUTJ  (CUT  OUT  in  grain  for  Joint)  is  a logical  variable  which  specifies 
if  there  are  joint  cutouts  within  the  grain  which  require  insulation. 

If  CUTOUTJ  = .TRUE.  ; there  is  at  least  one  joint  cutout  requiring 

insulation.  Both  burning  surfaces  of  a joint 
are  inhibited. 

If  CUTOUTJ  = . FALSE.  ; there  are  no  joint  cutouts  requiring  insulation. 


CUTOUTJ  =Ntt  . GT.  O (157-b) 

iJCUT 

SLOT  INSULATION,  COMPONENT  VOLUMES  (CUTOUTS  = .FALSE,): 

If  CUTOUTS  = .FALSE.;  there  is  no  slot  insulation  and  equations  158-160 

are  evaluated.  See  Figures  15,  16,  20.  See 
equations  162,  164,  165,  170  for  alternate  expression 


■ **f*3,rv* r *'  ff- t * -Pf ^ ^ ' 
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EQUATIONS,  SECOND  ENTRANCE  (Cont. ); 

SLOT  INSULATION,  COMPONENT  VOLUMES  (CUTOUTS  = . FALSE.  )(Cont. 
VTC  = 0 (158) 


(159) 


(160) 


SLOT  INSULATION,  COMPONENT  VOLUMES  (CUTOUTS  = . TRUE. ): 

If  CUTOUTS  = .TRUE.  ; equations  162  - 170  are  evaluated  to  determine  the 

slot  insulation  component  volumes,  as  illustrated 
by  Figures  15,  16,  20. 

Length  of  a single  slot  cutout  for  insulation  computations.  (Figure  16) 


*^83  + ^4 


(162) 


Volume  of  port/liner  insulation  component  for  a slot  cutout.  (Figures  15,  16, 
20)  See  equation  158  for  an  alternate  expression. 


= n(n, 


ILj  " TIS 


) hs. 


MAX/  4,JCUT 


ISMAX 


' + % 


(143) 


Volume  of  grain/liner  insulation  component  for  a slot  cutout.  (Figures  15, 
16,  20)  See  equation  159  for  an  alternate  expression. 


1"pp  ^is  ^IS 

WEB  iS>MAX  1 , 


(164) 

tKis. 


Volume  of  the  port/grain  insulation  component  for  slot  cutouts.  See 
Figures  15,  16,  20.  See  equations  160,  170  for  alternate  expressions. 

If  Njg  = 0,  there  are  no  slots  having  one  grain  burning  surface 

IH1  inhibited,  and  equation  165  is  used  to  evaluate  VIS_  • 


(165) 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ); 

SLOT  INSULATION,  COMPONENT  VOLUMES  (CUTOUTS  = . TRUE.  )(Cont.  ): 

If  Ntc  >0,  equations  166  - 170  are  evaluated  to  determine  VT<; 
lbIHl  ibPG 

Altitude  of  the  polygon  cross  section  associated  with  the  port/grain 
insulation  component  for  slot  cutouts.  (Figure  16/ 


TS 


PG1 


PP 


- T 


WEB 


IS 


MAX 


(166) 


Length  of  outside  base  of  the  polygon  cross  section  associated  with  the 
port/grain  insulation  component  for  slot  cutouts.  (Figure  16) 


hs 


IS 


MAX 


PGO 


PP 


WEB 


PP 


" I'lg  + l-’is 
WEB  bMAX  ibPGt  i 


(167) 


Area  of  the  polygon  cross  section  associated  with  the  port/grain  insulation 
component  for  slot  cutouts.  (Figure  16) 


IS 


PG1 


TS 


PC 


TS 


PGI 


+ LIS  ) 
lbPGO  / 


(168) 


Centroid,  measured  with  respect  to  the  motor  centerline,  of  the  polygon 
cross  section  associated  with  the  port/grain  insulation  component  for  slot 
cutouts.  (Figure  16) 


f D. 


TS 


PG 


ILI 

T~ 


- T 


IS 


MAX 


+ L. 


PGI 


’IS 


PGO 


PGI 


’IS 


PGO 


Volume  of  the  port/grain  insulation  component  for  slot  cutouts.  (Figures  15, 
16,  20)  See  equations  160,  165  for  alternate  expressions. 


'is  = \2  77  YIS  AIS  1 KIS  + 

Ibpc  [ ibpG  15pGj  lb9  1S10 


(170) 
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EQUATIONS,  SECOND  ENTRANCE(Cont. ): 

SLOT  INSULATION,  PORT  /GRAIN  COMPONENT  POLYGON  CLASSIFICATION: 


The  following  logical  expressions  are  used  to  classify  the  polygon  cross 
section  associated  with  the  port/grain  insulation  component  for  slot  cutouts. 


If  Nt<;  = 0; 
lbIHl 


If  Ntc  > 0; 
ISIH1 


If  Ntc  > 0; 
lbIHl 


there  is  no  port/grain  insulation  component  and  all 
elements  of  the  PGIS  logical  valued  array  are  . FALSE. 

one,  and  only  one,  of  the  elements  of  the  PGIS  logical 
array  must  have  a . TRUE,  value  for  an  acceptable 
port/grain  insulation  component  solution. 

and  either  all  of  the  elements  of  PGIS  evaluated  using 
equations  171,  177  are  . FALSE. , or  more  than  one 
element  is  .TRUE.,  the  logical  variable  PGISB^D 
is  set  . TRUE. 


See.  Figure  18  for  a geometrical  interpretation  and  "Optimization  Considera- 
tions" of  the  REMARKS  section  for  discontinuity  considerations. 


Vertical  line  solution. 

PGIS<1)  = /TIS  . EQ.O)  .AND.  /Ljs  . EQ.  O) 

(171) 

Horizontal  line  solution. 

PGIS(2)  = /Tpp  .EQ.Tt<;  \ 

l WEB  lbMAxj 

(172) 

Intermediate  quantity,  solution  is  not  a line. 

ISNOTLN  = . NOT.  |pGIS(1).OR.  PGIS(2)J 

(173) 

Triangle  solution. 

PGIS(3)  = ISNOTLN  . AND.  (LISpG  * EQ*  °) 

(174) 

(T'wGT-°) 


. AND. 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 


SLOT  INSULATION,  PORT/GRAIN  COMPONENT  POLYGON 
CLASSIFICATION  (Cont.); 

Trapezoid  solutions. 


PGIS(4)  = ISNOTLN  .AND. 

f'W  LT'  L,spgo) 

(175) 

. AND. 

(hsra-GT-°) 

PGIM5)  = ISNOTLN  . AND. 

/T  . GT . °\ 

\ SMAX  / 

(176) 

. AND. 

/Tjs  • kjs  \ 

\ 5MAX  i&PGI/ 

PGIS(6)  = ISNOTLN  .AND. 

/l-1 1 <5  . GT.  L„  1 

\ 1&PGI  li>PGO/ 

(177) 

JOINT  INSULATION,  COMPONENT  VOLUMES  (CUTOUTJ  = 

. FALSE.  ): 

If  CUTOUT!  = .FALSE.,  there  is  nc  joint  insulation  and  equations  178, 

179  are  evaluated.  See  Figures  15,  17,  20,  and 
equations  182,  195  for  alternate  definition 
if  CUTOUTJ  = . TRUE.  . 


VIJ  = 0 

u pL 

(178) 

VIJ  = 0 

JPG 

(179) 

JOINT  INSULATION,  COMPONENT  VOLUMES  (CUTOUTJ  = .TRUE.): 


If  CUTOUTJ  = .TRUE.,  equations  1 8 1 - 1 95  a re  evaluated  to  dete  rmine 

the  joint  insulation  component  volumes  as 
illustrated  by  Figures  15,  17,  20. 


Length  of  a unit  joint  cutout  for  insulation  computations,  (Figure  17) 
'L, 


IJCUT  Wj 


"JT 

J aCUT 


KIJ,  + kll 


(181) 


CUT 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 


JOINT  INSULATION,  COMPONENT  VOLUMES  (CUTOUTJ  = . TRUE.  )(Cont.  ): 


Volume  of  port/liner  insulation  component  for  joint  cutouts.  (Figures  17,  20) 


IJ 


MAX 


)Lo 


CUT 


IJ 


MAX 


K 


IJ, 


+ K 


IJ, 


(182) 


Intermediate  quantity  required  for  the  determination  of  the  outside  base 
of  the  polygon  cross  section  associated  with  the  port/grain  insulation 
component  for  joint  cutouts.  (Figure  17) 


(^) 


pp 

^ WEB 


IJ 


MAX 


(183) 


PGIJLAP  is  a logical  valued  variable  which  indicates  overlapping  of  the 
polygon  cross  sections  associated  with  the  port/grain  insulation  component 
for  joint  cutouts.  (Figure  19) 

PGIJLAP  = .TRUE.,  PG  components  overlap. 


PGIJLAP  = .FALSE.,  PG  components  do  not  overlap. 


PGIJLAP  = Ltt  .GT. 

1JPG3 

(183- 

Outside  base  of  the  polygon  cross  section  associated  with 
insulation  components  for  grain  cutouts.  (Figure  17) 

the  port/ grain 

If  PGIJLAP  = . FALSE.  , 

LIJ 

1JPGO 

kjj 

1JPG3 

(184) 

If  PGIJLAP  = . TRUE.  , 

hj 

iJPGO 

(^CUT  \ 

C85) 

\ ‘ I 

Component  altitude  of  the  polygon  cross  section  associated  with  the 
port/grain  insulation  component  for  joint  cutouts.  (Figure  17) 


PP 


IJ 


- T 


PG3 


PP 


WEB 


IJ 


MAX 


^J 


WEB 


PGI 


IJ 


hj 


MAX 


PGO 


(186) 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 

JOINT  INSULATION,  COMPONENT  VOLUMES  (CUTOUT J = . TRUE.  )(Cont.  ): 


Component  altitude  of  the  polygon  cross  section  associated  with  the  port/grain 
insulation  component  for  joint  cutouts.  (Figure  17) 


PP 


WEB 


IJ 


PG1 


IJ. 


hj 


- L 


MAX 


PGO 


IJ 


PGI 


(187) 


Area  of  the  polygon  cross  section  associated  with  the  port/grain  insulation 
component  for  joint  cutouts.  (Figure  17) 


(188) 


Centroid,measured  with  respect  to  the  motor  centerline,  of  the  polygon 
cross  section  for  joint  cutouts.  (Figure  17) 


(189) 


TIJ  T'J 
* PGI  lJPG3 


(190) 


IJPG3  ^JPGO 


(191) 


Yc  = T 


IJ 


PGI 


IJ 


+ L 


PGI 


IJ 


+ 2 T 


PGO/ 


IJ 


PG3 


'-tt 


'PGO 


(192) 


Y1  = 


y + v + Y 
2 *3  *4 


TT 


MAX 


(193) 

(194) 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 

JOINT  INSULATION,  COMPONENT  VOLUMES  (CUTOUTJ  = .TRUE.  )'Cont.  ): 


Volume  of  a port/grain  insulation  component  for  slot  cutouts.  (Figure  20) 
See  equation  179  for  an  alternate  expression. 


2 7T  Y 


IJ 


PG 


TJ 


PG 


K 


IJ. 


+ K 


IJ* 


(195) 


JOINT  INSULATION,  PORT /GRAIN  COMPONENT  POLYGON  CLASSIFICATION: 


The  following  logical  expressions  are  used  to  classify  the  polygon  crosr 

section  associated  with  the  port/grain  insulation  component  for  joint  cutouts. 

If  C’TTOUTJ  ~ . FALSE.,  there  is  no  joint  insulation  and  all  elements  of 

the  PGIJ  logical  valued  array  are  . FALSE. 

If  CUTOUTJ  = .TRUE.  , one,  and  only  one,  of  the  elements  of  the  PGIJ 

logical  valued  array  must  have  a , TRUE,  value 
for  an  acceptable  port/grain  insulation  component 
solution. 

If  CUTOUTJ  = . TRUE.  , and  either  all  of  the  elem  its  of  the  PGIJ  array 

are  false,  or  more  than  one  element  is  true,  the 
logical  variable  PGIJBAD  is  set  .TRUE.  . 

See  Figure  19  for  a geometrical  interpretation  and  "Optimization 

Considerations"  of  the  REMARKS  section  for  discontinuity  considerations. 

Vertical  line  solution. 


PGIJ(l)  = /Ttt  . EQ.Ol 
' JMAX  / 

Horizontal  line  solution. 

PGIJ(2)  = /Tup  . EQ.  T 
\ ^ rWE3 


. AND. 
IJMAx) 


(196) 


(197) 


Intermediate  quantity,  solution  is  not  a line. 
IJNOTLN  = . NOT.  [PGIJ(l).OR.  PGIJ<2)] 


(198) 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 

JOINT  INSULATION,  PORT /GRAIN  COMPONENT  POLYGON 


CLASSIFICATION  (Cont,): 


Triangle  solution. 

PGIJ(3)  = /Ttt  . EQ.O) 

' 1JPG3  / 

. AND.  IJNOTIN 
.AND.  ^Ljj  .EQ.  Oj 

.AND. /Ttt  .GT.O) 

' UMAX  ' 

(199) 

Trapezoid  solutions. 

PGIJ(4)  = /Ttt  . EQ.O\ 

' iJPG3  / 

. AND.  IJNOTLN 
. AND.  /L..  . LT.  L..  \ 

\ 1J  PGI  1 J PGO/ 

‘ AN°'  ■ GT-  °) 

(200) 

PCIJ(5)  = /T  . EQ.O) 

\ 1J  PG3 

.AND.  IJNOTLN 
.AND.  /Ttt  .GT.O\ 

' 1 MAX  / 

. AN  D.  /L.  T . EQ.  Ttt  \ 

' lJPGI  iJMAX/ 

(20  >) 

PGIJ(6)  =/Ttt  . EQ.  O) 

\ IJPG3  / 

.AND.  IJNOTLN 
.AND.  /L.t  . GT.  L,t  ) 

\ 1JPGI  1 J PGO/ 

(202) 

PCIJ(7>  =/TTT  .GT.O) 

V WpQJ  1 

. AND.  /L.t  . EQ.  Ttt  \ 

\ PGI  1JMAX/ 

(203) 

PGIJ(8)  rjtjj  . GT.  Oj 

. AND.  |Ljj  . EQ.  Oj 

.AND.  /Ttt  . GT.  O) 

' MAX  1 

(204) 

Pentagon  solution. 

PGIJ(9)  =/Ttt  .GT.O) 

\ 1JPG3  1 

.AND.  /Ltt  . GT.  O) 

' 1 PGI  ' 

. AND.  /Lj  T . LT.  L.  - ) 

\ PGI  IJPGO/ 

(205) 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 

SLOT  AND  JOINT  VOLUMES: 

Volume  of  insulation  for  a slot  with  no  sides  inhibited.  (Figure  20) 


ISIHO 


-h 


+ 2 VT 


J l<7sn  + Klsiz 


Volume  of  insulation  for  a slot  with  one  side  inhibited.  (Figure  20) 

^is.  = f^is  + ^is  + v!s  1 Kjg  + Kjg 

ISIH1  L IbPL  IbGL  I5PgJ  IS13  lb14 
Total  volume  of  insulation  required  for  slots. 

VIS  = fNIS  VIS  + NIS  VIS  1 Kis  + KIS 

L 1SIH0  lbIH0  I5IH1  1J>IHlJ  Ib15  lbl6 

Volume  of  insulation  required  for  a joint.  (Figure  20) 

Vjj  = fVlJ  + ^ V j 1 Kjj  + Kjj 

1JIH2  L IJPL  1JPGJ  iJ9  1J10 

Total  volume  of  insulation  required  for  joints. 

VTT  = N._  V..  i<L . + K.  _ 

1JCUT  1JIH2  1J11  lJ12 


PROPELLENT  DISPLACEMENT: 


Volume  of  propellent  displaced  by  the  insulation  wedge  associated  with 
the  forward  closure.  (Figure  21) 


VIWCFPD  iwclf 


- (-rr)JRDiwcF0pr  ■CLo"D‘2wHFcf'(t'2 


CLO 


+ 3 L 


IWCEFI  (^^HFO 


dpt) 


1diwcfi[(diwefi  -DP^  ■(DiwEFI-DiwHFC^]j|KP^Kl 
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EQUATIONS,  SECOND  ENTRANCE  (Cont.  ): 


PROPELLENT  DISPLACEMENT  (Cont.): 


Determination  of  propellent  displaced  by  the  insulation  wedge  associated 
with  the  aft  closure. 


if  *CF  = 0, 


If  L--.  > 0. 

C5CA 


If  L — s 0, 
CA 


(he  grain  cone  frustum  is  a cylinder  and  equation  212 
is  used  to  evaluate  V . 

WC  APD 

and  ^ the  grain  cone  frustum  intersects  the 

ellipsoid  portion  of  the  aft  outside  insulation  wedge  and 
equations  213  - 221  are  used  to  evaluate  V-w 

CAPD 

and  Qqy  ^ the  grain  cone  frustum  intersects  the 

cylindrical  portion  of  the  aft  outside  insulation  wedge 
and  equations  213  - 220,  222  are  used  to  evaluate  VT 

CAPD 


Volume  of  propellent  displaced  by  the  insulation  wedge  associated  with  the 
aft  closure  (cylindrical  grain  cone  frustum).  See  equations  221,  222  for 
alternate  expressions.  (Figure  21) 


TW, 


CAPD 


TW 


CLA 


’ frr)jRDiwcAO  (D 


IW, 


C LO 


D 


2 ¥ 
IWHAo) 


+ 3 


CEAI 


(° 


IW 


- D 


HAO 


drA) 


+ R 


DIWCAIII^W 


EAI 


- - /D^ 

UCFA)  (Ul 


- D‘ 

W I W 

WEAI 


, ft! 

HAO  J ) 


(212) 


kpd3+kpd4 


Equations  213  - 220  are  intermediate  computations  required  for  the  evaluation 
of  equations  221  and  222.  They  are  evaluated  if  6 t 0, 


^D 


I vV 


TW 


= L 


HAO 


A1 


IW 


CHAO 


:o,1*cf) 


(213) 
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EQUATIONS,  SECOND  ENTRANCE  (Cont. ): 
PROPELLENT  DISPLACEMENT  (Cont.  ): 


CIWBP  = 2 RDIWCAI  °IWA1  ton  [°Cf)  " 2 ^WCEAI 
C - n2  _ »2  i j2 

IWCP  * IWAI  DIWCAI  liweai  hwCEAI 


(214) 

(215) 

(216) 

(217) 

(218) 


Distance  from  the  equatorial  plane  of  the  hemi-ellipsoid  associated  with  the 
outside  surface  of  the  insulation  wedge  in  the  aft  closure  to  the  intersection  of 
the  grain  cone  frustum  cutout  with  the  inside  surface  of  the  insulation  wedge 
in  the  aft  closure.  Measured  parallel  to  centerline.  (Figure  21) 


^IW 


'IW 


BP 


CFAI 


'IW 
7 


- 4 C 


BP 

CIW 


IW 


AP 


'IW 


CP 


AP 


(219) 


Diameter  of  the  circle  formed  by  the  intersection  of  the  grain  cone  frustum 
cutout  with  the  inside  surface  of  the  insulation  wedge  associated  with  the  aft 
closure  section.  (Figure  21) 

D-w2[[w1  +l.wcfai“"M  ,22°> 

Volume  of  propellent  displaced  by  the  insulation  wedge  associated  with  the  aft 

closure  /L,_  >0).  See  Figure  21.  See  equations  212,  222  for  alternate 

) CFCA  ! 
expressions. 
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EQUATIONS,  SECOND  ENTRANCE  (C oat.  ): 
PROPELLENT  DISPLACEMENT  (Cent.): 


V., 


IW 


CAPD 


IW 


R 
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DIWCAO 


h ft) 


(DIW, '“'IW 


- d; 
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'CLO 


- Pj 

HAO/  ' "CLO 
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-> 

D'"c  J J 


+ R 


DIWCAI 


(D 


*) 
IW 


• Dfw 

EAI  1 CFAI 


V. 


* 'D2 


2 

IWEAI  ^WHAl) 


3 


of  +■  j 

(l.. 

L 

WA1  lWHAO  1 

1 nVA2 

IW 

'CFAI  LlWAl/ 

>D'*hai 

-L1 

)Dt2w 

CEAI/  CFAI 


+ (LIW  - u...  id;:..  - l,.„  n: 

\_y  i-i  ru 

- dA„  - Di„A  cot  (9~jl 
IWCFAI  lvVHAl  CFAJ  ' ^F’( 


D 


IW 


II  AO 


(221) 


kpd3+  kpd. 


Volume  of  prooellent  displaced  by  the  insulation  wedge  associated  with  the  aft 
closure  Lcf  ~ 

expressions. 


closure  L-.„  < 0 . See  Figure  21.  See  equations  212,  221  for  alternate 

CA 


IW 


(tt)  3(j 


IW 


- L 


CAPD  ( \ 1 A 2 CEAI 

* (°CFA  ■ DIW.  ) cot  (“cfI 


iw„.,)(Di~  -D 


^ - D2 

CF  A IW 


CFAI' 


(222) 


|H' 


^ $ ~2 


+ RDIWCAI  I (DI\Vea[  ' DCF/^  "(diw 


EAI  1 CFAI 


Volume  of  propellent  displaced  by  the  insulation  wedges  associated  with 
the  forward  and  aft  closures.  (Figure  21) 


IW 


= /V 


PD 


IW 


+ V 


IWCFPD>  KpD 


CAPD  ‘"CFP 


+ K 


PD/ 


(223) 
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EQUATIONS,  SECOND  ENTRANCE  (Cent.  )i 
PROPELLENT  DISPLACEMENT  (Cont.  ): 


Volume  of  propellent  displaced  by  the  grain/liner  components  of  the  slot 
insulation.  (Figure  21) 


2 N 


IS 


IHO 


+ K 


PD, 


(224) 


Total  volume  of  propellent  displaced  by  the  insulation  wedges  and  slots. 
(Figure  21) 


+ K 


PD 


10 


(225) 


80. 1-53 


INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


EQUATIONS,  THIRD  ENTRANCE: 

Equations  226  - 230  are  evaluated  at  the  third  entrance  to  the  INGM1  model. 
INSULATION  LINER,  CYLINDRICAL  SECTION: 


Length  of  insulation  liner  within  the  cylindrical  case  section.  Includes  length 
adjustment  for  submerged  nozzle,  slots  and  joints.  (Figure  2) 


hl-cv  * lgnCY4  Vj,  + %2 


(226) 


Volume  of  cylindrical  insulation  liner  section  within  the  cylindrical  case 
section. 
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INSULATION  LINER,  TOTAL  VOLUME: 

Total  volume  of  insulation  material  required  for  the  insulation  liner.  In.-ludes 
adjustment  for  ignitei  hole  in  forward  closure,  nozzle  hole  in  aft  closure, 
length  penalty  for  submerged  nozzle,  slots,  and  joints  in  the  grain. 
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RESIDUAL  INSULATION: 


Volume  of  residual  insulation. 


(229) 


TOTAL  INSULATION  VOLUME: 


Total  internal  insulation  volume.  Includes  liner,  wedges  in  forward  and  aft 
closure,  inhibited  slots  and  joints.  (Figures  1,  2) 
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Fig.  80.1-1  Basic  Insulatiou  Components 


Fig.  80.  1-2  Typical  Insulation  Liner  and  Wedge  Geometry 
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EQUATION  23 

SEE  FIGURE  3 FOR 
DETAILED  GEOMETRY 


EQUATION  24 


EQUATION  29 


EQUATION  30 


EQUATION  31 


Fig.  80.  1-4  Liner  Within  Forward  Closure,  Volumes 
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EQUATORIAL  AXIS,  INSIDE  AND  OUTSIDE  LINER  SURFACE  ELLIPSOIDS 
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SEE  FIGURE  6 FOR  LINER  VOLUMES 

Fig.  80.  1-5  Liner  Within  Aft  Closure,  Detailed  Geometry 
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EQUATION  46 

SEE  FIGURE  5 FOR 
OETAILEO  GEOMETRY 

EQUATION  49 
EQUATION  54 
EQUATION  55 


EQUATION  56 


Fig.  80.1-6  Liner  Within  Aft  Closure,  Volumes 
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EQUATION  90 
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SEE  FIGURE  7 FOR 
DETAILED  GEOMETRY 


EQUATION  93 
NOTE: 

IWINFCL  = .TRUE. 


EQUATION  102 


EQUATION  105 


EQUATION  106 


V,WCLF  V,WCHFO  V,WCHFI 

Fig.  80.  1-8  Wedge  Within  Forward  Closure,  Volumes 
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EQUATION  95 
VIWHFOY 


SEE  FIGURE  9 FOR 
DETAILED  GEOMETRY 

EQUATION  97 


NOTE: 

IWINFCL  = . FALSE, 
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Wedge  Beyond  Forward  Closure,  Volumes 
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AFT  CLOSURE  SECTION 
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! SEE  FIGURE  12  FOR 
CLOSURE  VOLUMES 


EQUATORIAL  AXIS, 
OUTSIDE  WEDGE 

surface  ellipsoid  — 

EQUATORIAL  AXIS, 
INSIDE  WEDGE 
SURFACE  ELLIPSOID 
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NOTE  : 

IWINACL  = .TRUE. 

LIWCAI  > 0 
LIWCEAI  > 0 

cfcy  < 0 


Fig.  80.  1-11  Wedge  Within  Aft  Closure,  Detailed  Geometry- 
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DETAILED  GEOMETRY 


LIW  I inside/outside  WEDGE  SURFACE 

WAO  “\h OSCULATION  PLANE 
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NOTE: 

IWINACL  = .TRUE. 
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Wedge  Within  Aft  Closure,  Volumes 
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Fig.  80.  1-13 


Wedge  Beyond  Aft  Closure,  Detailed  Geometry 
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^INSIDE/ OUTSIDE  WEDGE  SURFACE  OSCULATION  PLANE 

, SEE  FIGURE  13  FOR  DETAILED  GEOMETRY 
1 NOTE:  IWINACL  = .FALSE. 
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Fig.  80.  1-14  Wedge  Beyond  Aft  Closure,  Volumes 
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SLOT  CUTOUT 

TWO  GRAIN  BURNING 

SURFACES 


SEE  THE  INTERNAL 
BALLISTICS  FLOW  MODEL 
(IBFM1 ),  FIGURE  1,  FOR 
DETAILED  SLOT  GEOMETRY 


SLOT  CUTOUT 
ONE  GRAIN  BURNING 
SURFACE  INHIBITED 


Fig.  80.  1-15  Slot  and  Joint  Insulation  Configurations 
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Fig.  80.  1-16  Slot  In - ulation  Subcomponents  and  Geometry 
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Fig,  80.  1-17  Joint  Insulation  Subcomponents  and  Geometry 
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INHIBITED  BURNING 
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SEE  FIGURE  16  FOR  DETAILED  GEOMETRY 


NOTE: 

CUTOUTS  = 
N,~  > 0 


TRUE. 


'IS 


IH1 


PGIS(1 ) = .TRUE.  PGIS(2)  = .TRUE. 

EQUATION  171  EQUATION  172 


LIS 


PGO 


PGI5(3)  = .TRUE. 
EQUATION  174 


PGIS(4)  = .TRUE. 
EQUATION  175 


PGIS(5)  = . TRUE. 
EQUATION  176 


PGISI6)  = . TRUE. 
EQUATION  177 


Fig.  80,  1-18  Acceptable  Polygons  for  Slot  Port/Grain  Component 
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O SEE  FIGURE  17  FOR  DETAILED  GEOMETRY. 

NOTE:  CUTOUT J =. TRUE. 


,JPG0 

PGIJ(t)  = .TRUE.  PGIJ<2)  = .TRUE.  PGIJ(3)  = .TRUE. 

EQUATION  196  EQUATION  197  EQUATION  199 


JPGO  UPG0  ,JPGO 

PGU(7)  = .TRUE.  PGIJ (8)  « .TRUE.  PGIJ(9)  = .TRUE. 

EQUATION  203  EQUATION  204  EQUATION  205 


Fig.  80.  1-19  Acceptable  Polygons  for  Joint  Port /Grain  Component 
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EQUATION  207 


Fig.  80.  1-20  Slot  and  Joint  Insulation  Volumes 
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EQUATION  225 
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Fig.  80.  1-21  Displaced  Propellent 
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Fig.  80,1-22  Inter-Model  Coupling 
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INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  directly  to  this  model  by  the  program  user. 
If  a value  is  not  input,  the  preset  value  is  used. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units  Preset 

CING1 

X 

Constant  for  OINH  computation. 

0.43 

CING2 

X 

Constant  for  QINH  computation. 

1000. 

CING3 

X 

Constant  for  TIWMAX,  TISMAX  and 
TIJMAX  computations. 

0. 00868 

KLIWFI1 

kliwfii 

Proportionality  coefficient  for  LIWHFI 
computation; 

N.  D.  1 

KLIWFI2 

KLI WF  12 

Bias  for  LIWHFI  computation; 
in  0 

LIJPGI 

hj 

JPGI 

Inside  base  of  the  polygon  cross  section 
associated  with  the  port/grain  insulation 
component  for  joint  cutouts; 

in  Fig,  17  . 1 

LISPGI 

^Ts 

lbPGI 

Inside  base  of  the  polygon  cross  section 
associated  with  the  port/grain  insulation 
component  for  slot  cutouts; 

in  Fig.  16  .1 

NIJCUT 

lJCUT 

Number  of  joint  cutouts  having  both  grain 
burning  surfaces  inhibited.  Integer  valued 
real  number  (floating  point  integer); 

N.  D.  0 

NISIH0 

Nis 

1J5IH0 

Number  of  slot  cutouts  having  no  grain 
burning  surfaces  inhibited.  Integer  valued 

real  number  (floating  point  integer); 
N.  D.  0 
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INPUT  DATA, 

INTRA-MODEL  (Cont.  ): 

Mnemonic 

Symbol 

Description;  Int.  (Int.  ) Units  Preset 

NISIH1 

1 lHl 

Number  of  slot  cutouts  having  one  grain 
burning  surface  inhibited.  Integer  valued 
real  number  (floating  point  integer); 

o 

• 

Q 

• 

2 

QINSTAR 

* 

QIN 

Effective  heat  of  ablation  of  internal 
insulation; 

btu/lb  0 

TILCY 

Xy 

Thickness  of  insulation  liner  in  the 
cylindrical  section; 

in  Pig-  2 0 

TINR 

X 

Thickness  of  residual  insulation; 
in  . 1 

Due  to  the  nature  of  this  model,  a very  large  number  of  coefficient  and  bias 
quantities  (mnemonic  with  first  character  K)  are  made  available  for  input. 
However,  in  normal  applications  the  preset  values  are  used  for  most,  if 
not  all,  of  these  quantities.  Note  that  these  coefficient  quantities  are 
preset  (1)  and  the  b’as  quantities  are  preset  (0). 


LINER  INSULATION  COEFFICIENTS  AND  EIAS 


KIL1 

KIL2 

KIL3 


Coefficient  for  TILCLF  computation; 
N.  D.  1 


Bias  for  TILCLF  computation; 
in  0 


Coefficient  for  VILCLF  computation; 
N.  D.  1 
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INPUT  DATA,  INTRA-MODEL  (Cont.  ): 


Mnemonic 


Symbol  Description;  Ext.  (Int.  ) Units Preset 


KIL4 

KIL5 

KIL6 

KIL7 

KIL8 

KIL9 

KIL10 

KIL11 

KIL12 

KILI3 

KIL14 


X 


Bias  for  VILCLF  computation; 

in3  0 

Coefficient  for  DILHAO  computation; 
N.  D.  I 

Bias  for  DILHAO  computation; 
in  0 

Coefficient  for  TILCLA  computation; 
N.  D.  1 

Bias  for  TILCLA  computation; 
in  0 

Coefficient  for  VILCLA  computation; 
N.  D.  1 


Bias  for  VILCLA  computation; 
in3  0 

Coefficient  for  LILCY  computation; 
N.  D.  1 

Bias  for  LILCY  computation; 
in  0 

Coefficient  for  VILCY  computation; 
N.  D.  1 

Bias  for  VILCY  computation; 
in  0 
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INPUT  DATA, 

INTRA-MODEL  (Cont.  ): 

Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Preset 

KILI5 

KlL15 

Coefficient  for  VIL  computation; 
N.  D. 

1 

KIL16 

Bias  for  VIL  computation; 
in3 

0 

KIL17 

KlL17 

Coefficient  for  DILHFO  computation; 
N.  D.  I 

KIL18 

Bias  for  DILHFO  computation; 

in 

0 

JOINT  INSULATION  COEFFICIENTS  AND  BIAS 

KIJ1 

“w, 

Coefficient  for  TIJMAX  computation; 

N.  D. 

I 

KIJ2 

Bias  for  TIJMAX  computation; 

L 

in 

0 

KIJ3 

^Tj, 

Coefficient  for  LIJCUT  computation; 

3 

N.  D. 

1 

KIJ4 

KlJ4 

Bias  for  LIJCUT  computation; 

in 

0 

i\IJ5 

^IJ, 

Coefficient  for  VIJPL  computation; 

5 

N.  D. 

I 

KIJ6 

Bias  for  VIJPL  computation; 

in 
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INPUT  DATA, 

INTRA-MODEL  (Cont.  ): 

Mnemonic 

Symbol 

Description;  Ext.  (Int. ) Units 

Preset 

KIJ7 

Coefficient  for  VIJPG  computation; 

7 

N.  D. 

1 

KIJ8 

CO 

sT 

Bias  for  VIJPG  computation; 
in3 

0 

KIJ9 

u9 

Coefficient  for  VIJIH2  computation; 
N.  D. 

1 

KIJ10 

^10 

Bias  for  VIJIH2  computation; 

. 3 
in 

0 

KIJ11 

*”11 

Coefficient  for  VIJ  computation; 
N.  D. 

1 

KIJ12 

Bias  for  VIJ  computation; 
in3 

0 

GENERAL  INSULATION  COEFFICIENTS  AND  BIAS 

KIN  1 

Coefficient  for  QINH  computation; 

1 

N.  D. 

1 

KIN  2 

KIN2 

Bias  for  QINH  computation; 

0 

KIN3 

Nh, 

Coefficient  for  T1NMAX  computation; 

3 

N.  D. 

1 

KIN4 

^n 

4 

Bias  for  TINMAX  computation; 

n 
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INPUT  DATA,  INTRA-MODEL  (Cont.  ): 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Preset 

KIN5 

V 

Coefficient  for  VINR  computation; 

5 

N.  D. 

1 

KIN  6 

Km6 

Bias  for  VINR  computation; 
in3 

0 

KIN7 

Km7 

Coefficient  for  VIN  computation; 
N.  D. 

1 

KIN8 

k™8 

Bias  for  VIN  computation; 

. 3 
m 

0 

SLOT  INSULATION  COEFFICIENTS  AND  BIAS 


KIS1 

Coefficient  for  TISMAX  computation; 
N.  D.  1 

KIS2 

KIS2 

Bias  for  TISMAX  computation; 
in  0 

KIS3 

^3 

Coefficient  for  LISCUT  com  nutation; 
N.  D.  1 

KIS4 

kis4 

Bias  for  LISCUT  computation; 
in  0 

KISS 

X 

Coefficient  for  VISPL  computation; 
N.  D.  1 

KIS6 

“is. 

Bias  for  VISPL  computation; 
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INPUT  DATA, 

INTRA-MODEL  (Cont.): 

Mn  emonic 

Symbol 

Description;  Ext.  {Int. ) Units 

Preset 

KIS7 

KlS, 

Coefficient  for  VT3GL  computation; 

7 

N.  D. 

1 

KIS8 

^s 

Ib8 

Bias  for  VISGL  computation; 
in3 

0 

KIS9 

^Sq 

Coefficient  for  VISFG  computation; 

9 

N.  D. 

1 

KIS10 

lb10 

Bias  for  VISPG  computation; 
in3 

0 

KIS11 

^s 

*sll 

Coefficient  for  VISIHO  computation; 
N.  D. 

1 

KIS12 

KIS 

lb12 

Bias  for  VISIHO  computation; 
in3 

0 

KIS13 

lbl  3 

Coefficient  for  VISIH1  computation; 
N.  D. 

1 

KIS14 

Kjg 

lb14 

Bias  for  VTSIH1  computation; 

. 3 
in 

0 

KIS15 

^TC 

*b15 

Coefficient  for  VIS  computation; 
N.  D. 

1 

KIS16 

^S 

i6 

Bias  for  V7S  computation; 

. 3 
m 

0 
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INPUT  DATA,  INTRA-MODEL  (Cont.  ); 

Mnemonic  Symbol  Peacription;  Ext,  (Int.  ) Units Preact 

WEDGE  INSULATION  COEFFICIENTS  AND  BIAS 


KIWJ 

KIW. 

Coefficient  for  DIWHFO  computation; 

I 

N.  D. 

1 

KIW2 

*IW- 

Bias  for  DIWHFO  computation; 

L 

in 

0 

KIW3 

*Sw, 

Coefficient  for  LTWHF  computation; 

3 

N.  D. 

I 

KIW4 

KI\V 

Bias  for  LIWHF  computation; 

•1 

in 

0 

KIW  7 

kiw7 

Coefficient  for  VIWCLF  computation; 

# 

N.  D. 

1 

KIWfi 

KIWr 

Bias  for  VIWCLF  computation; 
in3 

0 

KIW'7 

KIW 

Coefficient  foi  TIWAMAX  computation; 

7 

N.  D. 

1 

KIWI  0 

K-w,o 

Bias  for  TIWAMAX  computation; 
in 

0 

KIWI  1 

K,wll 

Coefficient  for  DIWHAO  computat 

ion; 

N,  D. 

I 

K!WU 

KiWI2 

Dia*  for  PlWHAO  computation; 
in 

0 

KIWI  3 

K,wn 

Coefficient  for  DIWHAJ  computatl 

on; 

N,  D. 

1 

HO,  1 -H'l 


INSUJjG 

INPUT  DATA, 

Mnemonic 

KIW14 

KIW15 

KIWI  6 

KIW17 

KIWI  8 

KIW19 

KIW20 

KIW21 

KIW22 

KIW23 

KIW24 


s.-gawa>  mm  is.  ■- 


INTERNAL  INSULATION  GEOMETRY 


INTRA-MODEL  (Cont.  ): 


Symbol 

“iw, 


Deacriptlon;  Ext.  (Int. ) Units 

Coefficient  for  DIWHAI  computation; 
N.  D.  1 

Coefficient  for  DIWHAI  computation; 
N.  D.  1 

Bias  for  DIWHAI  computation; 
in 

Coefficient  for  LIWHA  computation; 
N.D.  1 

Bias  for  LIWHA  computation; 
in 


Coefficient  for  VIWCLA  computation; 
N.  D.  1 

Bias  for  VIWCLA  computation; 

3 


Coefficient  for  TIWFMAX  computation; 
N.D.  1 

Bias  for  TIWFMAX  computation; 
in  0 
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INGM1 


INPUT  DATA, 
Mnemonic 
Ki  Dl 

KPD2 

KPD3 

KPD4 

KPD5 

KPD6 

KPD7 

KPD8 

KPD9 

KPD10 


INTRA-MODEL  (Cont.  ): 


Symbol 

K, 


‘PD 


1 


K 


PD. 


K 


PD. 


K 


PD, 


K 


PDc 


K 


PD. 


K 


PD, 


K 


PD, 


K 


PD, 


K 


PD 


10 


Description;  Ext,  (Int,  ) Units  Preset 

Coefficient  for  VIWCFPD  computation; 

N.  D.  1 

bias  for  VIWCFPD  computation; 
in3  0 

Coefficient  for  VIWCAPD  computation; 

N.  D.  1 

Bias  for  VIWCAPD  computation; 

in3  0 

Coefficient  for  VIWPD  computation; 

N.  D.  1 

Bias  for  VIWPD  computation; 

• 3 n 

in  0 

Coefficient  for  VTSPD  computation; 

N.  D.  1 

Bias  for  VISPD  computation; 

• 3 n 

in  0 

Coefficient  for  VINPD  computation; 

N.  D.  1 

Bia3  for  VINPD  computation; 

in3  0 


80.  1 -86 


INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


INPUT  DATA,  INTER -MODEL: 


This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra -model  input. 


Mnemonic 


Symbol  Description;  Ext.  (Int.  ) Units Model  Type 


DCSHAI 

DCSHFI 

DC  SI 
DPT 

DPTCFA 

DPTCFF 

LGNCY4 

LJTCUT 


XS 


HAI 


CS 


HFI 


JCSj 


PT 


CFA 


OFF 


XN 


CY4 


JJT 


CUT 


Diameter  of  hole  in  aft  inside  case 
closure  surface; 

in  Figs.  2,  22  CASEG 

Diameter  of  hole  in  forward  inside  case 
closure  surface; 

in  Figs.  2,  22  CASEG 

Inside  case  diameter,  cylindrical  section; 
in  Figs.  2,  22  CASEG 

Diameter  of  cylindrical  section  of  port; 
in  Figs.  2,  21,  22  GRAING 

Aft  base  diameter  of  the  port  cone  frustum 
section  required  for  nozzle  submergence; 

in  Figs.  21,  22  GRAING 

Forward  base  diameter  of  the  port  cone 
frustum  section  required  for  nozzle 
submergence; 

in  FigB.  11,13,21,22  GRaING 

Length  of  cylindrical  grain  section. 

Includes  length  penalty  for  nozzle 
submergence,  joint  cutouts  and  slot  cutouts; 

in  Figs.  2,  21,  22  GRAING 

Total  length  of  cut  in  grain  for  joints; 
in  Fig.  22  GRAING 


INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


INPUT  DATA, 

Mnemonic 

LPTCFCA 

LPTCFCY 

LSLGN 

RDCSCAI 

RDCSCFI 

RHOIJ 

RHOIS 

RHOIW 

TBPPMT 


INTER -MODEL  (Cont. ): 


Symbol  Description;  Ext.  (Int.  ) Units Model  Type 


JCF 


CA 


L 

R 

R 


S 

GN 

DCSCAI 


DCSCFI 


P 


P 


P 


IJ 

IS 

IW 


Length  of  the  portion  of  the  port  cone  frustum 
section,  required  for  nozzle  submergence, 
within  the  aft  closure.  Positive  sense  from 
closure  equatorial  plane  towards  aft; 

in  Figs.  21,  22  GRAING 

Length  of  the  portion  of  the  port  cone  frustum 
which  is  within  the  cylindrical  section; 

in  Figs.  11,  13,  21,  22  GRAING 


Total  slot  length; 

in  Fig.  22  IBFLOW 

Head  ratio,  aft  inside  case  closure  surface; 
N.  D.  Fig.  22  CASEG 


Head  ratio,  forward  inside  case  closure 
surface; 

N.  D.  Figs.  21,  22  CASEG 


Density  of  insulation  for  joint  cutouts; 
lb/in3  Fig.  22  INSULW 


Density  of  insulation  for  slot  cutouts; 
lb/in3  Fig.  22  INSULW 


Density  of  insulation  for  closure  wedges; 
lb/in3  Fig.  22  INSULW 


Propellent  burn  time; 
sec  Fig.  22 


IBPERF 


80. 1-88 


INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


INPUT  DATA, 

Mnemonic 

TCPP 

THETACF 

TPPWEB 


INTER-MODEL  (Cont.  ); 


Symbol 


Description;  Ext.  (Int. ) Units  Model  Type 


Propellent  combustion  temperature; 

°R  Fig.  22  IBGAS 


6 


CF 


PP 


WEB 


Half-angle  of  port  cone  frustum  section; 
deg  (rad)  Figs.  2,  11, 13,  21,  22  GRAING 

Thickness  of  propellent  web; 
in  Figs.  2,16,17,22  GRAING 
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INSULG  INTERNAL  INSULATION  GEOMETRY  INGM1 


OUTPUT  DATA: 


The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model  input  to  other  models  and  to  print,  plot,  and  optimization  routines  . 


Mnemonic 


Symbol  Description;  Ext.  (Int.  ) Units 


AIJPG 

AISPG 

AIWHAT 

COSTCF 

CUTOUTJ 


CUTOUTS 


HAT 


COS 


p 


CF/ 


Area  of  the  polygon  cross  section  associated 
with  the  port/grain  insulation  component  for 
joint  cutouts; 

in2  Fig.  17  Eq.  188 

Area  of  the  polygon  cross  section  associated 
with  the  port/grain  insulation  component  for 
slot  cutouts; 

in2  Fig.  16  Eq.  168 

Area  of  triangular  wedge  section,  associated 
with  the  cone  frustum  cutout  for  the  nozzle, 
withir.  the  aft  case  closure  section; 

in2  Figs.  12,  14  Eq.  152 

Cosine  of  THETACF; 

N.  D. 


CUTOUTJ  CUTOUTJ  (CUT  OUT  in  grain  for  Joint)  is 
a logical  variate' which  specifics  ff  there 
are  joint  cutouts  within  the  grain  which 
require  insulation. 

. TRUE.  ; there  is  at  least  one  joint 

cutout  requiring  insulation. 
Both  surfaces  of  a joint  are 
inhibited. 

. FALSE.  ; there  are  no  joint  cutouts 
requiring  insulation; 

N.  D.  Eq.  157-b 

CUTOUTS  CUTOUTS  (CUT  OUT  in  grain  for  Slot)  is  a 
logical  variable  which  specifies  if  there  are 
slot  cutouts  within  the  grain  which  require 
insulation. 


1 

» 

j 
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INTERNAL  INSULATION  GEOMETRY 


INGM1 


OUTPUT  DATA  (Cont.  ): 
Mnemonic  Symbol 


CIWA 


CIWAP 


CIWB 


CIWBP 


CIWC 


CIWCP 


DILCLI 


C 


IW 


Tw 


AP 


Tw 


B 


Tw 


BP 


TW, 


TW 


CP 


D. 


IL 


CLI 


Description;  Ext.  (Int.  ) Units 

. TRUE.  ; there  is  at  least  one  slot  cutout 
requiring  insulation.  Either  one 
or  no  slot  burning  surface  may 
be  inhibited. 

. FALSE.  ; there  are  no  slot  cutouts 
requiring  insulation. 

N.  D.  Eq.  L57-a 

Intermediate  computation  for  DIWCAI 
evaluation; 

N.  D.  Eq.  120 

Intermediate  computation  for  LIWCFAI 
evaluation; 

N.  D.  Eq.  216 

Intermediate  computation  for  DIWCAI 
eval  uation; 

in  Eq.  121 

Intermediate  computation  for  LIWCFAI 
evaluation; 

in  Eq.  217 

Intermediate  computation  for  DIWCAI 
evaluation; 

in2  Eq.  122 

Intermediate  computation  for  LIWCFAI 
evaluation; 

in2  Eq.  218 

Equatorial  diameter  of  the  ellipsoids  formed 
by  the  inside  surface  of  the  insulation  liner 
associated  with  the  forward  and  aft  case 
closure  sections; 

in  Figs.  3,  5 Eq,  6 
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INSULG 


INTERNAL  INSULATION  GEOMETRY 
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OUTPUT  DATA  (Cont.  ): 


Mnemonic 


DILCLO 


Symbol 
D, 


IL 


CLO 


DILHAI  D 


IL 


HAI 


DILHAO 


TL 


HAO 


DILHFI  D 


IL 


HFI 


DILHFO  D. 


IL 


HFO 


DILI 


DILO 


Description;  Ext.  (Int.  ) Units 

Equatorial  diameter  of  the  ellipsoids  formed 
by  the  outside  surface  of  the  insulation  liner 
associated  with  the  forward  and  aft  case 
closure  sections; 

in  Figs.  3,  5 Eq.  5 

Diameter  of  circular  hole,  for  the  nozzle, 
centered  on  the  axis  of  revolution  of  the 
hemi- ellipsoid  formed  by  the  inside  surface 
of  the  insulation  liner  within  the  aft  case 
closure  section; 

in  Figs.  2,  5 Eq.  40 

Diameter  of  circular  hole,  for  the  nozzle, 
centered  on  the  axis  of  revolution  of  the 
hemi-ellipsoid  formed  by  the  outside  surface 
of  the  insulation  liner  within  the  aft 
case  closure  section; 

in  Fig.  5 Eq.  34 

Diameter  of  circular  hole,  for  the  ignitor, 
centered  on  the  axis  of  revolution  of  the  hemi- 
ellipsoid  formed  by  the  inside  surface  of  the 
insulation  liner  within  the  forward  case 
closure  section; 

in  Fig.  3 Eq.  15 

Diameter  of  circular  hole,  for  the  ignitor, 
centered  on  the  axis  of  revolution  of  the 
hemi-ellipsoid  formed  by  the  outside  surface 
of  the  insulation  liner  within  the  forward 
case  closure  section; 

in  Fig.  3 Eq.  9 

Inside  diameter  of  the  cylinder  which  is 
the  inside  surface  of  the  insulation  liner  in 
the  cylindrical  case  section; 

in  Fig.  2 Eq.  4 

Outside  diameter  of  the  cylinder  which  is 
the  outside  surface  of  the  insulation  liner 
in  the  cylindrical  case  section; 

in  Fig.  2 Eq.  3 
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OUTPUT  DATA  (Cont,  ): 


Mnemonic  Symbol 

DIWA1  Dtw 

Al 


DIWCAI 


D. 


IW 


CAI 


DIWCFAI 


D 


IW 


CFAI 


DIWCFI 


DIWCLO  DTU7 

IWCLO 


DIWEAI  Dtw 

iV,EAl 


DIWEF1 


D 


IW 


EFI 


Description;  Ext.  (Int.  ) Units 

Intermediate  computation  for  LIWCFAI, 
DIWCFAI  evaluation; 

in  Eq.  215 

Diameter  of  the  circle  of  osculation  formed 
by  the  tangency  points  of  the  inside  aft 
wedge  surface  hemi-ellipsoid  and  the  outside 
aft  wedge  surface  hemi-ellipsoid.  See 
IWINACL; 

in  Figs.  11,  15  Eqs.  119,  123 

Diameter  of  the  circle  formed  by  the  inter- 
section of  the  grain  cone  frustum  cutout  with 
the  inside  surface  of  the  insulation  wedge 
associated  with  the  aft  closure  section; 

in  Eq.  220 

Diameter  of  the  circle  of  osculation  formed 
by  the  tangency  points  of  the  inside  forward 
wedge  surface  hemi-ellipsoid  and  the  outside 
forward  wedge  surface  hemi-ellipsoid.  See 
IWINFCL.; 

in  Figs.  7,  9 Eqs.  73,  77 

Equatorial  diameter  of  the  hemi-eliipsoids 
formed  by  the  outside  surface  of  the  insula- 
tion wedges  associated  with  the  forward  and 
aft  closure  sections; 

in  Figs.  7,9,11,13  Eq.  60 

Equatorial  diameter  of  the  hemi-ellipsoid 
associated  with  the  inside  surface  of  the 
insulation  wedge  in  the  aft  case  closure 
section.  See  IWINACL; 

in  Figs.  11,  13  Eqs.  128,130 

Equatorial  diameter  of  the  hemi-ellipsoid 
associated  with  the  inside  surface  of  the 
insulation  wedge  in  the  forward  case  closure. 
See  IWINFCL; 

in  Figs.  7,  9 Eqs.  76,  79 
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OUTPUT  DATA  (Cont.  ): 


Mnemonic  Symbol 


DIWHAI 


DIWHAO 


TW 


HAO 


DIWHFI 


DIWHFO 


D. 


IW 


HFO 


GOODPGJ  GOODPGJ 


Description;  Ext.  (Int. ) Unite 


Diameter  of  the  forward  oase  of  the  cone 
frustum  hole,  for  the  nozzle  cutout, 
centered  on  the  axis  of  revolution  of  the 
hemi-eilipsoid  formed  by  the  inside  surface 
of  the  insulation  vedge  associated  with  the 
aft  case  closure  section; 

in  Figs.  11,  13  Eq.  110 

Diameter  of  the  aft  base  of  the  cone  frustum 
hole,  for  the  nozzle  cutout,  centered  on  the 
axis  of  revolution  of  the  hemi-ellipsoid 
formed  by  the  outside  surface  of  the  insulation 
wedge  associated  with  the  aft  case  closure 
section; 

in  Figs.  11,  13  Eq.  109 

Diameter  of  the  circular  hole,  for  the  ignitor, 
centered  on  the  axis  of  revolution  of  the  hemi- 
ellipsoid  formed  by  the  inside  surface  of  the 
insulation  wedge  associated  with  the  forward 
case  closure  section; 

in  Figs.  7,  9 Eq.  63 

Diameter  of  the  circular  hole,  for  the  ignitor, 
centered  on  the  axis  of  revolution  of  the  hemi- 
ellipsoid  formed  by  the  outside  surface  of  the 
insulation  wedge  associated  with  the  forward 
case  closure  section; 

in  Figs,  ?,  9 Eq.  62 

GOODPGJ  is  a logical  valued  variable  which 
indicates  an  acceptable  polygon  cross  section 
for  the  port/grain  insulation  component 
associated  with  the  joint  cutouts. 

=.  TRUE.  ; PG  component  for  joint  insula- 
tion is  an  acceptable  polygon. 

The  particular  polygon  may  be 
determined  by  referring  to  PGIJ. 
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$ 

OUTPUT  DATA  (Cont.  ): 

Mnemonic  Symbol  Description;  Ext.  (Int.  ) Units 


=.  FALSE.  ; PG  component  for  joint  insula- 
tion is  not  an  acceptable 
polygon.  Joint  insulation 
geometry  may  be  bad. 

N.  D. 

GOODPGS  GOODPGS  GOODPGS  is  a logical  valued  variable  which 

indicates  an  acceptable  polygon  cross  section 
for  the  port/grain  insulation  component 
associated  with  the  slot  cutouts; 

=.  TRUE.  , PG  component  for  slot  insula- 
tion is  an  acceptable  polygon, 
the  particular  polygon  may  be 
determined  by  referring  to 
PGIS. 

= . FALSE. , PG  component  for  slot  insula- 
tion is  not  an  acceptable 
polygon.  Slot  insulation 
geometry  may  be  bad; 

N.  D. 

IJNOTLN  IJNOTLN  Intermediate  logical  quantity  for  PGIJ 

computation; 

N.  D.  Eq.  198 

ISNOTLN  ISNOTLN  Intermediate  logical  quantity  for  PGIS 

computation; 

N.  D.  Eq.  173 

IWINACL  *WIN  IWINACL  (Insulation  Wedge  IN  Aft  Closure) 

ACL  is  a logical"variable  which  specifies  if  the 

insulation  wedge  associated  with  the  aft 
closure  is  completely  within  the  aft  closure; 

= . TRUE.  ; the  insulation  wedge  is 

completely  within  the  aft 
closure.  See  Figs.  11,  12, 
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OUTPUT  DATA  (Cont.  ): 

Mnemonic  Symbol  Description;  Ext.  (Int.  ) Units 


IWINFCL 


LIJCUT 


LI  JPG  3 


LIJPGO 


IWINFCL 


hi 


CUT 


Si 


PGO 


=.  FALSE.  ; the  insulation  wedge  extends 

beyond  the  aft  closure  into  the 
cylindrical  section,  or  extends 
to  the  intersection  of  the  aft 
closure  and  cylindrical  section. 
See  Figs.  1 3,  14; 

N.  D.  Eq.  118 

IWINFCL  {Insulation  Wedge  IN  Forward 
CLosure)  is"  a logical  variabfe-! which  speci- 
fies if  the  insulation  wedge  associated  with 
the  forward  closure  is  completely  within  the 
forward  closure; 

= . TRUE.  ; wedge  is  completely  within  the 
forward  closure.  See  Fig.  7. 

=.  FALSE.  ; wedge  extends  beyond  the  forward 
closure  into  the  cylindrical 
section  or  extends  to  the  inter- 
section of  the  forward  closure 
and  cylindrical  section.  See 
Fig.  9; 

N.  D.  Eq.  72 

Length  of  a single  joint  cutout  for  insulation 
computation; 

in  Fig.  17  Eq.  181 

Intermediate  quantity  required  for  the 
determination  of  the  outside  base  of  the 
polygon  cross  section  associated  with  the 
port /grain  insulation  component  for  joint 
cutouts ; 

in  Fig.  17  Eq.  183 

Outside  base  of  the  polygon  cross  section 
associated  with  the  port/grain  insulation 
components  for  grain  cutouts; 

in  Fig.  17  Eqs.  184,185 
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Length  of  hemi-ellipsoidal  frustum 
associated  with  the  inside  surface  of  the 
insulation  liner  within  the  aft  case  closure; 

in  Fig.  5 Eq.  42 

Length  of  hemi-ellipsoidal  frustum 
associated  with  the  outside  surface  of  the 
insulation  liner  within  the  aft  case 
closure  section; 

in  Fig.  5 Eq.  36 


Length  of  the  hemi-ellipsoidal  frustum 
associated  with  the  inside  surface  of  the 
insulation  liner  within  the  forward  case 
closure; 

in  Figs.  2,  3 Eq.  17 


Length  of  hemi-ellipsoidal  frustum 
associated  with  the  outside  surface  of  the 
insulation  liner  within  the  forward  closure 
section; 

in  Figs.  2,  3 Eq.  11 

Length  of  the  axis  of  revolution  of  the  hemi- 
ellipsoid  formed  Dy  the  inside  surface  of  the 
insulation  liner  within  the  aft  case  closure 
section; 

in  Fig.  5 Eq.  38 

Length  of  the  axis  of  revolution  of  the  hemi- 
eliipsoid  formed  by  the  outside  surface  of 
the  insulation  liner  within  the  aft  case 
closure  section; 

in  Figs.  5,  6 Eq.  33 

Length  of  the  axis  of  revolution  of  the  hemi- 
ellipsoid  formed  by  the  inside  surface  of  the 
inuulation  liner  within  the  forward  case 
closure  section; 

in  Fig,  3 Eq.  13 
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OUTPUT  DATA  (Cont, ); 


Mnemonic 


Symbol 


Description,  Ext,  (Int.  ) Units 


LILCLFO 


LILCY 


LILHA 


LILHF 


LISCUT 


LISPGO 


LIWAI 


"1L 


CLFO 


hL 


CY 


-HA 


hL 


HF 


*TS 


CUT 


^S 


PGO 


"IW 


AI 


Length  of  the  axis  of  revolution  of  the  hemi- 
ellipsoid  formed  by  the  outside  surface  of 
the  insulation  liner  within  the  forward  case 
closure  section; 

in  Figs.  3,  4 Eq.  8 

Length  of  insulation  liner  within  the 
cylindrical  case  section.  Includes  length 
adjustment  for  submerged  nozzle,  slots 
and  joints; 

in  Fig.  2 Eq.  226 

Length  of  cylindrical  hole,  for  the  nozzle, 
in  the  insulation  liner  within  the  aft  case 
closure  section; 

in  Fig.  5 Eq.  43 

Length  of  cylindrical  hole,  for  the  ignitor, 
in  the  insulation  liner  within  the  forward 
case  closure  section; 

in  Fig.  3 Eq.  18 

Length  of  a single  slot  cutout  for  insulation 
computations; 

in  Fig.  16  Eq.  162 

Length  of  outside  b%se  of  the  polygon  crosp 
section  associated  with  the  port/grain 
insulation  component  for  slot  cutouts; 

in  Pig.  16  Eq. 

Distance  from  the  pole  of  the  hemi-elJr 
associated  with  the  inside  surface  of  the. 
insulation  wedge  in  the  aft  closure  to  the  a., 
closure  "inside/outside  surface  wedge 
osculation  plane 

in  Pigs.  U,  13  Eq,  133 


1 

1 


■j 

1 

i i 

. j 


j 


h** 


30.  1-98 


INSULG 
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OUTPUT  DATA  (Cont. ): 


Mnemonic 


LIWA1 


Symbol 

hw 


A1 


LIWA2 


A 2 


LXWCAI 


hw 


CAI 


LIWCEAI 


hw 


CEAI 


LIWCEFI 


hw 


CEFI 


Description;  Ext.  (Int. ) Unite 

Intermediate  computation  for  VTWCAPD 
evaluation; 

in  Eq.  213 

Intermediate  computation  for  VIWCAPD 
evaluation; 

in  Eq.  214 

Distance  from  the  "equatorial  plane  of  the 
aft  closure  outside  wedge  surface  hemi- 
ellipsoid"  to  the  "inside/outside  wedge  sur- 
face osculation  plane".  Measured  along  the 
axis  of  revolution,  positive  86”  3e  aft.  A 
positive  value  indicates  that  the  wedge  is 
completely  within  the  aft  closure.  A negative 
value  indicates  that  the  wedge  extends  beyond 
the  aft  closure  into  the  cylindrical  section. 

See  IWINACL; 

in  Figs.  11,  13  Eqe.  117,  124 

Distance  from  the  equatorial  plane  of  the 
hemi-ellipsoid  associated  with  the  outside 
surface  of  the  insulation  wedge  in  the  aft 
case  closure  section  to  the  equatorial  plane 
of  the  hemi-ellipsoid  associated  with  the 
inside  surface  of  the  insulation  wedge  in  tbr 
aft  case  closure  section.  See  IWINACL; 

in  Figs.  11,  13  Eqs.  126,129 

Distance  from  the  equatorial  plane  of  the 
hemi-ellipsoid  associated  with  the  eutside 
surface  of  the  insulation  wedge  in  the  forward 
case  closure  to  the  equatorial  plane  of  the 
hemi-ellipsoid  associated  with  the  inside 
surface  of  the  insulation  wedge  in  the  forward 
case  closure; 

in  Figs.  7,  9 Eqs.  74,  78 
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OUTPUT  DATA  (Cont.  ): 

Mnemonic  Symbol  Description;  Ext.  (Int. ) Units 


V J 


LIWCFAI 


LIWCFI 


LIWCHAI 


LIWCHAO 


LIWCHFI 


hw 


CFAI 


CHAI 


CHAO 


LlWCHFI 


Distance  from  the  equatorial  plane  of  the 
hemi-ellipsoid  associated  with  the  outride 
surface  of  the  insulation  wedge  in  the  aft 
closure  to  the  intersection  of  the  grain  cone 
frustum  cutout  with  the  inside  surface  of  the 
insulation  wedge  in  the  aft  closure. 

Measured  parallel  to  centerline; 

in  Eq.  21  9 

Distance  from  the  equatorial  plane  of  the 
hemi-ellipsoid  associated  with  the  outside 
surface  of  the  insulation  wedge  in  the  forward 
case  closure  .o  the  "inside/outside  wedge 
surface  osculation  plane.  " Note  that  the 
insulation  wedge  is  not  completely  within  the 
forward  closure  section  if  LIWCFI  is 
negative.  See  IWINFCL; 

in  Figs.  7,  9 Eq.  71 

Distance  from  the  equatorial  plane  of  the 
hemi-ellipsoid  associated  with  the  outside 
surface  of  the  insulation  wedge  in  the  aft  case 
closure  section  to  forward  base  of  the  cone 
frustum  hole,  for  the  nozzle  cutout,  within 
the  insulation  wedge  in  the  aft  case  closure 
section; 

in  Figs.  11,  13  Eq.  116 

Length  of  the  hemi-ellipsoid  frustum 
associated  with  the  outside  surface  of  the 
insulation  wedge  in  the  aft  case  closure 
section; 

in  Figs.  11,  13  Eq.  115 

Distance  from  the  equatorial  plane  of  the 
hemi-ellipsoid  associated  with  the  outside 
surface  of  the  insulation  wedge  in  the  forward 
closure  to  the  inside  base  of  the  cylindrical 
hole  cutout  for  the  ignitor  within  the 
insulation  wedge  in  the  forward  closure; 

in  Figs.  7,  9 Eq.  69 


1 

1 

i 

i 

! 


80.  1-100 


S/amu r 


il‘ftilt 


INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


4 

\ 


OUTPUT  DATA  (Cont.  ): 


Mnemonic 


Symbol 


Description;  Ext.  (Int. ) Units 


LIWCHFO 


LIWCLAI 


LIWCLAO 


LIWCLFI 


LIWCLFO 


LIWEAI 


^IW 


CHFO 


CLAI 


CLAO 


^IW 


CLFI 


CLFO 


Length  of  the  hemi-ellipsoid  frustum 
associated  with  the  outside  surface  of  the 
insulation  wedge  in  the  forward  case 
closure  section; 

in  Figs.  7,  9 Eq.  68 

Distance  from  the  pole  of  the  hemi-ellipsoid 
associated  with  the  inside  surface  of  the 
insulation  wedge  in  the  aft  closure  to  the 
equatorial  plane  of  the  hemi-ellipsoid 
associated  with  the  outside  surface  of  the 
insulation  wedge  in  the  aft  closure; 

in  Figs.  11,  13  Eq.  132 

Length  of  the  axis  of  revolution  of  the  hemi- 
ellipsoid  associated  with  the  outside  surface 
of  the  insulation  wedge  in  the  aft  closure 
section; 

in  Figs.  11,  13  Eq.  113 

Distance  from  the  pole  of  the  hemi-ellipsoid 
associated  with  the  inside  surface  of  the 
insulation  wedge  in  the  forward  closure  to 
the  equatorial  plane  of  the  hemi-ellipsoid 
associated  with  the  outside  surface  of  the 
insulation  wedge  in  the  forward  closure; 

in  Figs.  7,  9 Ea.  82 

Length  of  the  axis  of  revolution  of  the  hemi- 
ellipsoid  associated  with  the  outside  surface 
of  the  insulation  wedge  in  the  forward 
closure  section; 

in  Figs.  7,  9 Eq.  66 

Length  of  the  axis  of  revolution  of  the  hemi- 
ellipsoid  associated  with  the  inside  surface 
of  the  insulation  wedge  in  the  aft  case 
closure  section; 

in  Figs.  11,  13  Eqs.  127,131 


f * 


INS  U LG 


INTERNAL  INSULATION  GEOMETRY 


INOM1 


OUTPUT  DATA  (Cont. ): 


Mnemonic  Symbol 


Description;  Ext.  (Int. ) Units 


LI  WE  FI 


LIWEHAI 


LIWEHFI 


LIWFI 


LIWHA 


LIWHAI 


1WEHAI 


EH  FI 


Length  of  the  axis  of  revolution  of  the  hemi- 
ellipsoid  associated  with  the  inside  surface 
of  the  insulation  wedge  in  the  forward  case 
closure.  See  IWINFCL; 

in  Figs.  7,  9 Eqs.  75,  81 

Distance  from  the  equatorial  plane  of  the 
hemi-ellipsoid  associated  with  the  inside 
surface  of  the  insulation  wedge  in  the  aft 
case  closure  to  the  inside  base  of  the  cone 
frustum  cutout  within  the  insulation  wedge  in 
the  aft  case  closure  section; 

in  Figs.  11,  13  Eq.  134 

Distance  from  the  equatorial  plane  of  the 
hemi-ellipsoid  associated  within  the  inside 
surface  of  the  insulation  wedge  in  the  forward 
case  closure  to  the  inside  base  of  the 
cylindrical  hole  cutout  for  the  ignitor  within 
the  insulation  wedge  in  the  forward  closure; 

in  Figs.  7,  9 Eq.  84 

Distance  from  the  pole  of  the  hemi-ellipsoid 
associated  with  the  inside  surface  of  the 
insulation  wedge  in  the  forward  closure  to 
the  forward  closure  inside/outside  wedge 
surface  osculation  plane; 

in  Figs.  7,  9 Eq.  83 

Altitude  of  the  cone  frustum,  for  the  nozzle 
cutout,  within  the  insulation  wedge  of  the 
aft  case  closure  section; 

in  Figs.  11,  13  Eq.  Ill 

Distance  from  the  "inside/outside  wedge 
surface  osculation  plane"  to  the  inside  base 
of  the  cone  frustum  hole  cutout  of  the 
insulation  wedge  for  the  nozzle; 

in  Figs.  11,  13  Eq.  125 


80.  1-102 


H ft: 


jWHWWMlii|.'i»im 


, ^ 


INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGMI 


OUTPUT  DATA  (Cont.  ): 


Mnemonic 


LIWHF 


LIWHFI 


N1SCUT 


PGIJ(i) 


PGIJLAP 


Symbol 

LlWHF 

Xjfi 


IS 

1:>CUT 

PGIJ(i) 


PGIJLAP 


Description;  Ext.  (Int.  ) Units 

Length  of  the  cylindrical  hole,  for  the 
ignitor,  within  the  insulation  wedge  of  the 
forward  case  closure  section; 

in  Figs.  7,  9 Eq.  64 

Distance  from  the  inside /outside  wedge 
surface  osculation  plane  to  the  inside  base 
of  the  cylindrical  hole  cutout  for  the  ignitor; 

in  Figs.  7,  9 Eq.  70 

Number  of  slot  cutouts  in  grain  to  be 
insulated.  Integer  valued  real  number 
(floating  point  integer); 

N.  D.  Eq.  157 

Logical  value  array  which  identifies  the 
particular  polygon  cross  section  of  the 
port/grain  insulation  component  associated 
with  joint  cutouts.  The  i-th  element  of 
PGIJ  will  have  the  value  . TRUE,  (all  other 
elements  will  be  . FALSE.  ),  thereby 
indicating  the  particular  polygon  shape 
(e.  g. , line,  triangle,  trapezoid,  pentagon) 
for  the  PG  component.  See  Fig.  19  for 
the  key  identifying  the  i-th  element; 

N.  D.  Fig.  19  Eqs.  196-205 

Logical  valued  variable  which  indicates 
overlapping  of  the  polygon  cross  sections 
associated  with  the  port/ grain  insulation 
component  for  joint  cutouts; 

=.  TRUE.  ; PG  components  overlap. 

=.  FALSE.  ; PG  components  do  not  overlap; 

N.  D.  Fig.  19  Eq.  183-a 


80.  1-103 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


OUTPUT  DATA  (Cont.  ): 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


PGIS(i) 


PGlS(i) 


QINH 


Logical  valued  array  which  identifies  the 
particular  polygon  cross  section  of  the 
port/grain  insulation  component  associated 
with  slot  cutouts.  If  a slot  burning  surface  is 
inhibited,  the  i-th  element  of  PGIS  will  have 
the  value  . TRUE,  (all  other  elements  will 
be  . FALSE.  ),  thereby  indicating  the 
particular  polygon  shape  (e.g.,  line, 
triangle,  trapezoid)  for  the  PG  component. 
See  Fig.  18  for  the  key  identifying  the  i-th 
element; 


N.  D. 


Fig.  18 


Eqs.  171-177 


Approximate  radiative  heating  rate; 

N.  D.  Eq.  1 


RDILCAI 


‘DILCAI 


Head  ratio  of  the  ellipsoid  formed  by  the 
inside  surface  of  the  insulation  liner  within 
the  aft  case  closure  section; 


N.  D. 


Eq.  39 


RDILCAO 


RDILCFI 


‘DILCAO 


"DILCFI 


Head  ratio  of  the  ellipsoid  formed  by  the 
outside  surface  of  the  insulation  liner 
within  the  aft  case  closure  sections 


N.  D. 


Eq.  32 


Head  ratio  of  the  ellipsoid  formed  by  the 
inside  surface  of  the  insulation  liner  within 
the  forward  case  closure  section; 


N.  D. 


Eq.  14 


RDILCFO 


'DILCFO 


Head  ratio  of  the  ellipsoid  formed  by  the 
outside  surface  of  the  insulation  liner 
within  the  forward  case  closure  section; 

N.  D.  Eq.  7 


80.  1 -104 


INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGMI 


4> 


OUTPUT  DATA  (Cont.  ): 


Mnemonic  Symbol 


Description;  Ext.  (Int.  ) Units 


RDILHAI 


RDILHAO 


RDILHFI 


RDILHFO 


RDIWCAI 


RDIWCAO 


RDIWCFI 


RDILHAI 


rdilhao 


rdilhfi 


rdilhfo 


rdiwcai 


rdiwcao 


rdiwcfi 


Diameter  ratio,  hole  diameter  to  equatorial 
diameter,  inside  surface  of  the  insulation 
liner  within  the  aft  case  closure  section; 

N.  D.  Eq.  41 

Diameter  ratio,  hole  diameter  to  equatorial 
diameter,  outside  surface  of  the  insulation 
liner  within  the  aft  case  closure  section; 

N.  D.  Eq.  35 

Diameter  ratio,  hole  diameter  to  equatorial 
diameter,  inside  surface  of  the  insulation 
liner  within  the  forward  case  closure  section; 

N.  D.  Eq.  16 

Diameter  ratio,  hole  diameter  to  equatorial 
diameter,  outside  surface  of  the  insulation 
liner  within  the  forward  case  closure 
section; 

N.  D.  Eq.  10 

Head  ratio  of  the  ellipsoid  associated  with 
the  inside  surface  of  the  insulation  wedge 
in  the  aft  closure  section; 

N.  D.  Eq,  131 -a 

Head  ratio  of  the  ellipsoid  associated  with 
the  outside  surface  of  the  insulation  wedge 
within  the  aft  case  closure  section; 

N.  D.  Eq.  112 

Head  ratio  of  the  ellipsoid  associated  with  the 
inside  surface  of  the  insulation  wedge  in  the 
forward  closure  section; 

N.  D.  Eq.  81 -a 
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80.  1-105 


INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


OUTPUT  DATA  (Cont.  ); 


Mnemonic  Symbol 


Description;  Ext.  (Int.  ) Unite 


RDIWCFO 


RDIWHAO 


RDIWHFI 


RDIWHFO 


RIJLCAI 


RULCAO 


RLILCFI 


RDIWCFO 


rdiwhao 


rdiwhfi 


rdiwhfo 


rlilcai 


rlilcao 


rulcfi 


Head  ratio  of  the  ellipsoid  associated  with 
the  outside  surface  of  the  insulation  wedge 
within  the  forward  case  closure  section; 

N.  D.  Eq.  65 

Diameter  ratio,  aft  base  of  cone  frustum 
hole  to  equatorial  diameter,  outside  surface 
of  the  insulation  wedge  in  the  aft  case 
closure  section; 

N.  D.  Eq.  114 

Diameter  ratio,  hole  diameter  to  equatorial 
diameter,  inside  surface  of  insulation  wedge 
in  the  forward  case  closure; 

N.  D.  Eq.  80 

Diameter  ratio,  hole  diameter  to  equatorial 
diameter,  outside  surface  of  the  insulation 
wedge  in  the  forward  case  closure  section; 

N.  D.  Eq.  67 

Length  ratio,  hemi -ellipsoid  frustum  to 
hemi-ellipsoid,  inside  surface,  insulation 
liner,  forward  case  closure; 

N.  D.  Eq.  52 

Length  ratio,  hemi-ellipsoid  frustum  to 
hemi-ellipsoid,  outside  surface,  insulation 
liner,  aft  case  closure; 

N.  D.  Eq.  46 

Length  ratio,  hemi-ellipsoid  frustum  to 
hemi-ellipsoid,  inside  surface,  insulation 
liner,  forward  case  closure; 


N.  D. 


Eq.  27 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


OUTPUT  DATA  (Cont. ): 


Mnemonic 


Symbol 


Description;  Ext.  (Int. ) Units 


RULCFO 


RLIWCAl 


RLIWCA2 


RLIWCA3 


RLIWCA4 


RLIWCF1 


"LILCFO 


kLIWCAl 


'LIWCA2 


RLIWCA3 


‘LIWCA4 


‘LIWCF1 


Length  ratio,  hemi-ellipsoid  frustum  to 
hemi-ellipsoid,  outside  surface,  insulation 
liner,  forward  case  closure; 


N.  D. 


Eq.  21 


Length  ratio,  hemi-ellipsoid  frustum  to 
hemi-ellipsoid,  outside  surface,  insulation 
wedge,  aft  case  closure  section; 

N.  D.  Eq.  136 

Length  ratio,  hemi-ellipsoid  frustum  (with 
equatorial  and  "inside/outside  wedge  surface 
osculation  plane"  bases)  to  hemi-ellipsoid, 
outside  surface,  insulation  wedge,  aft  case 
closure  section; 


N.  D. 


Eq.  139 


Length  ratio,  hemi-ellipsoid  frustum  (with 
equatorial  base  and  inside  nozzie  cutout 
base)  to  hemi-ellipsoid,  inside  surface, 
insulation  wedge,  aft  case  closure  section; 

N.  D.  Eq.  145 

Length  ratio,  hemi-ellipsoid  frustum  (with 
equatorial  and  "inside/outside  wedge  surface 
osculation  plane"  bases)  to  hemi-ellipsoid 
inside  surface,  insulation  wedge,  aft  case 
closure  section; 


N.  D. 


Eq.  149 


Length  ratio,  hemi-ellipsoid  frustum  to 
hemi-ellipsoid,  outside  surface,  insulation 
wedge,  forward  case  closure  section; 

N.  D,  Eq.  86 


80.  1-107 


INS  U LG 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


OUTPUT  DATA  (Cont, ): 


Mnemonic 


RUWCF2 


RLIWCF3 


RLIWCF4 


SINTCF 


TANTCF 


TIJMAX 


TIJPG1 


Symbol 

RUWCF2 


‘LIWCF3 


"LIWCF4 


sin  (eCF) 

(6cf) 


tan 


LIJ 


MAX 


IJ 


pgi 


Description;  Ext.  (Int. ) Units 

Length  ratio,  hemi -ellipsoid  frustum  (with 
equatorial  and  "inside/outside  wedge  surface 
osculation  plane"  bases)  to  hemi-ellipsoid 
outside  surface,  insulation  wedge,  forward 
base  closure  section; 


N.  D. 


Eq.  91 


Length  ratio,  hemi-ellipsoid  frustum  (with 
equatorial  and  inside  cylindrical  hole  cutout 
for  the  ignitor  bases)  to  hemi-ellipsoid, 
inside  surface,  insulation  wedge,  forward 
case  closure  section; 


N.  D. 


Eq.  99 


Length  ratio,  hemi-ellipsoid  frustum  (with 
equatorial  and  "inside /outside  wedge  surface 
osculation  plane"  bases)  to  hemi-  ellipsoid, 
inside  surface,  insulation  wedge,  forward 
case  closure  section; 

N.  D.  Eq.  103 

Sin  of  THETACF; 

N.  D. 

Tangent  of  THETACF; 

N.D. 

Maximum  insulation  thickness  for  a joint 
cutout; 


in 


Fig.  17 


Eq.  2-c 


Component  altitude  r 'he  polygon  cross 
section  associated  with  the  port/grain 
insulation  component  for  joint  cutouts; 

in  Fig.  17  Eq.  187 


INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


OUTPUT  DATA  (Cont.  )t 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


TIJPG3 


TILCLA 


TILCLF 


TISMAX 


TISPG1 


TIWMAX 


TIWAMAX 


IJ 


PG3 


lIL 


CLA 


IL 


CLF 


IS 


MAX 


IS 


PG1 


TI\V 


MAX 


IW 


AMAX 


Component  altitude  of  the  polygon  cross 
section  associated  with  the  port/grain 
insulation  component  for  joint  cutouts; 

in  Fig.  17  Eq.  186 

Thickness  of  insulation  liner  at  center  of  aft 
case  closure  section.  Diatance  between 
the  inside  and  outside  hemi-ellipsoid  surfaces 
of  the  insulation  liner,  measured  on  the 
axis  of  revolution; 

in  Fig.  5 Eq.  37 

Thickness  of  insulation  liner  at  center  of 
forward  case  closure  section.  Distance 
between  inside  and  outside  hemi-ellipsoid 
surfaces  of  the  insulation  liner,  measured 
on  the  axis  of  revolution; 

in  Fig.  3 Eq.  12 

Maximum  insulation  thickness  for  a slot 
cutout; 

in  Fig.  16  Eq.  2-b 

Altitude  of  the  polygon  cross  section 
associated  with  the  port/grain  insulation 
component  for  slot  cutouts; 

in  Fig,  16  Eq.  266 

Maximum  insulation  thickness  for  closure 
wedges  (excluding  liner); 

in  Eq.  2-a 

Maximum  thickness  of  the  insulation  -wedge 
associated  with  the  aft  closure.  Measured 
parallel  to  the  slant  height  of  the  cone 
frustum  grain  cutout; 

in  Eq.  108 


80.  1 -109 


L 


tNSULG  INTERNAL  INSULATION  GEOMETRY  INGM1 


OUTPUT  DATA  (Cont.  ): 

Mnemonic  Symbol  Description;  Ext.  (Int.  ) Units 


TIWFMAX 


VIJ 


VIJIH2 


VIJ  PG 


VIJ  PL 


VI L 


VILCHAI 


VILCHAO 


IWFMAX 


V 


IL 


ILCHAI 


IL 


CHAO 


Maximum  thickness  of  the  insulation  wedge 
associated  with  the  forward  closure. 
Measured  parallel  to  the  motor  centerline 
See  LIWHF; 

in  Eq.  61 

Total  volume  of  insulation  required  for 
joints; 

in3  Eq.  210 

Volume  of  insulation  required  for  a joint; 
in3  Fig.  20  Eq.  209 

Volume  of  a port/grain  insulation  component 
for  slot  cutouts ; 

in3  Fi^.  ^0  Eqc.  179,195 

Volume  of  port/liner  insulation  component 
for  joint  cutouts; 

in3  Figs.  17,  20  Eqs.  178,182 

Total  volume  of  insulation  material  required 
for  the  insulation  liner.  Includes  adjustment 
for  ignitor  hole  in  forward  closure,  nozzle 
hole  in  aft  closure,  length  penalty  for 
submerged  nozzle,  slots  and  joints  in  grain; 

in3  Eq.  228 

Volume  of  hemi -ellipsoid  frustum  with  hole 
cutout  associated  with  the  inside  surface  of 
the  insulation  liner  within  the  aft  case 
closure  section; 

in3  Fig.  6 Eq.  55 

Volume  of  the  hemi-ellipsoid  frustum  with 
hole  cutout  associated  with  the  outside 
surface  of  the  insulation  liner  within  the 
aft  case  closure  section; 

in3  Fig-  6 


Eq.  49 


yj  T-1 


INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGMI 


OUTPUT  DATA  (Cont.  ): 
Mnemonic  Symbol 

VILCHFI  V . 


VILCHFO 


IL 


CHFO 


VTLCLA  V - j 

ILC  LA 


VILCLAI  VTT 

lijCLAI 


VILCLAO 


IL 


CLAO 


VILCLF 


VILCLFI 


CLF 


CLFI 


VILCLFO  VT. 

lijCLFO 


Description;  Ext.  (Int.  ) Units 


Volume  of  hemi -ellipsoid  frustum  with  hole 
cutout  associated  vdth  the  inside  surface  of 
the  insulation  liner  within  the  forward  case 
closure  section; 

in^  Fig.  4 Eq.  30 

Volume  of  hemi -ellipsoid  frustum  with  hole 
cutout  associated  with  the  outside  surface  of 
the  insulation  liner  within  the  forward  case 
closure  section; 

in^  Fig.  4 Eq.  24 

Volume  of  insulation  liner  within  the  forward 
case  closure  section; 

in^  Fig.  6 Eq.  56 

Volume  of  the  hemi-ellipsoid  formed  by 
the  inside  surface  of  the  insulation  liner 
within  the  aft  case  closure  section; 

in^  Fig.  6 Eq-  50 

Volume  of  the  hemi-ellipsoid  formed  by 
the  outside  surface  of  the  insulation  liner 
within  the  aft  case  closure  section; 

in^  Fig.  6 Eq.  44 

Volume  of  insulation  liner  within  the  forward 
case  closure  section; 

in^  Fi**.  4 Eq.  31 


Volume  of  the  hemi  -ellipsoid  formed  by 
the  inside  surface  of  the  insulation  liner 
within  the  forward  case  closure  section; 

in^  Fig.  4 Eq.  25 

Volume  of  the  hemi-ellipsoid  formed  by  the 
outside  surface  of  the  insulation  liner  within 
the  forward  case  closure  section; 

in^  Fig.  4 Eq.  19 


80.  1-1  11 


INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


OUTPUT  DATA  (Cont.  ): 


Mnemonic 


Symbol 


Description;  Ext,  (Int.  ) Units 


VILCY 


VILHAI 


VILHAIC 


VILHAIE 


VILHAO 


VILHAOC 


IL 


HAIC 


HAIE 


IL 


HAO 


HAOC 


Volume  of  cylindrical  insulation  liner  section 
within  the  cylindrical  case  section; 

in3  Eq.  227 

Volume  of  cylinder  with  ellipsoidal  cap, 
associated  with  the  nozzle  cutout,  within 
the  hemi -ellipsoid  formed  by  the  inside 
surface  of  the  insulation  liner  within  the 
aft  case  section; 

in3  Fig.  6 Eq.  54 

Volume  of  the  cylindrical  section,  associated 
with  the  nozzle  cutout,  within  the  hemi- 
ellipsoid  formed  by  the  inside  surface  of 
the  insulation  liner  within  the  aft  case 
closure  section; 

in3  Fig.  6 Eq.  51 

Volume  of  ellipsoidal  cap  at  aft  base  of  the 
cylindrical  section,  associated  with  the 
nozzle  cutout,  within  the  hemi-ellipsoid 
formed  by  the  inside  surface  of  the  insulation 
liner  within  the  aft  case  closure  section; 

in3  Fig.  f>  Eq.  53 

Volume  of  cylinder  with  ellipsoidal  cap, 

associated  with  the  nozzle  cutout,  within 

the  hemi-ellipsoid  formed  by  the  outside 
surface  of  the  insulation  liner  within  the  aft 
closure  section; 

in3  Fig.  6 Eq.  48 

Volume  of  the  cylindrical  section  associated 
with  the  nozzle  cutout,  within  the  hemi- 
ellipsoid  formed  by  the  outside  surface  of 
the  insulation  liner  within  the  aft  case 
closure  section; 

in3  Fig.  6 Eq.  45 


80,  1-112 


INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


OUTPUT  DAT  A.  (Cont.  ): 


Mnemonic 


VILHAOE 


VILHFI 


Symbol 
VT 


’IL 


HAOE 


ILHFI 


Description;  Ext.  (Int.  ) Units 

Volume  of  ellipsoidal-  cap  at  aft  base  of  the 
cylindrical  section,  associated  with  the 
nozzle  cutout,  within  the  hemi-ellipsoid 
formed  by  the  outside  surface  of  the 
insulation  liner  within  the  aft  case  closure 
section; 

in*  Fig.  6 Eq.  47 

Volume  of  cylinder  with  ellipsoidal  cap, 

associated  with  the  ignitor  cutout,  within 

the  hemi-ellipsoid  formed  by  the  inside 
surface  of  the  insulation  liner  ■ .thin  the 
forward  case  closure  sectio.., 

in'*  Fig.  4 Eq.  29 


VILHFIC 


VILHFIE 


IL 


HFIC 


'IL. 


IJFIK 


Volume  of  the  cylindrical  section,  associated 
with  the  ignitor  hole,  within  the  hemi- 
ellipsoid  formed  by  the  inside  surface  of  the 
insulation  liner  within  the  forward  case 
closure  section; 

in*  Fig.  4 Eq.  26 

Volume  of  ellipsoidal  cap  at  forward  base 
of  the  cylindrical  section,  associated  with 
the  ignitor  cutout,  within  the  hemi-ellipsoid 
formed  by  the  inside  surface  of  the 
insulation  liner  within  the  forward  case 
closure  section; 

in*  Fig,  4 Eq.  28 


VILHFO 


'IL. 


UFO 


Volume  of  cylinder  with  ellipsoidal  cap, 
associated  with  the  ignitor  cutout,  within 
the  hemi-ellipsoid  formed  by  the  outside 
surface  of  the  insulation  liner  within  the 
forward  case  closure  section; 

in*  Fig.  4 Eq.  23 


80.  1-113 


INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


OUTPUT  DATA  (Cont.  ); 

Mnemonic  Symbol  Description;  Ext.  (Int.  ) Units 


VILHFOC 


VILHFOE 


VIN 

VINPD 

VI  NR 

VIS 

VISGL 

VISIHO 


V 


IL 


HFOC 


IL 


HFOE 


V 


IN 


Volume  of  the  cylindrical  section,  associated 
v'ith  the  ignitor  hole,  within  the  hemi- 
ellipsoid  formed  by  the  outside  surface  of 
the  insulation  liner  within  the  forward  case 
closure  section; 

in3  Fig.  4 Eq.  20 

Jume  of  ellipsoidal  cap  at  forward  base 
of  the  cylindrical  section,  associated  with 
the  ignitor  cutout,  within  the  hemi-ellipsoid 
formed  by  the  outside  surface  of  the 
insulation  liner  within  the  forward  case 
closure  section; 

in3  Fig-  4 Eq.  22 

Total  internal  insulation  volume.  Includes 
liner,  wedges  in  forward  and  aft  closures, 
inhibited  slots  and  joints; 

in'*  Eq.  230 

Total  volume  of  propellent  displaced  by  the 

closure  insulation  wedges  and  the  slot 
grain/liner  insulation  components; 

in3  Eq.  225 

Volume  of  residual  insulation; 

in3  Eq.  22q 


Total  volume  of  insulation  required  for  slots; 
in3  Eq.  208 

Volume  of  f.;rain/line r insulation  component 
for  slot  cutout; 

in3  Figs.  15,  16,  20  Eqs.  159,  164 

Volume  of  insulation  for  a slot  with  no 
sides  inhibited; 

in3  Fig.  20  Eq.  206 


80.  1-1  14 


7 


ra  <vA>?Prtwfr 


c 


l . 


INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


OUTPUT  DATA  (Cont.  ): 


Mnemonic 


VISIH1 


VISPD 


VTSPG 


VTSPL 


VIWAOY 


VIWCAOE 


VTWCAPD 


Symbol 
V. 


IS 


IH1 


'IS 


PD 


IS 


PG 


IS 


PL 


iw 


AOY 


'IW 


CAOE 


IW 


CAPD 


Description;  Ext.  (Int.  ) Units 


Volume  of  insulation  for  a slot  with  one 
side  inhibited; 

in3  Pig*  20  Eq.  207 

Volume  of  propellent  displaced  by  the  slot 
grain/liner  insulation  components; 

in3  Eq.  224 

Volume  of  the  port/grain  insulation 
component  for  slot  cutouts; 

in3  Figs.  15, 16,  20  Eqs.160, 165, 

170 

Volume  of  port/liner  insulation  component 
for  a slot  cutout; 

3 


in 


Figs.  15,  16,20  Eqs.  158,163 


Volume  of  the  cylindrical  section  associated 
with  the  outside  surface  of  the  insulation 
wedge  in  the  aft  case  closure  section; 

3 Fig.  13  Eq.  142 


in 


Volume  of  the  ellipsoidal  cap  formed  by  the 
intersection  of  the  "in3ide/outside  wedge 
surface  osculation  plane"  and  the  hemi- 
ellipsoid  associated  with  the  outside  surface 
of  the  insulation  wedge  in  the  aft  closure 
section; 

in3  Fig.  12  Eq.  140 

Volume  of  propellent  displaced  by  the 
insulation  wedge  associated  with  the  aft 
closure; 

in3  Eqs.  212,  221, 

222 


80.  1-115 


INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


OUTPUT  DATA  (Cont.  ): 

Mnemonic  Symbol  Description;  Ext.  (Int.  ) Units 

VTA'CFOE  ^IW  Volume  of  the  ellipsoidal  cap  formed  by  the 

CFOE  intersection  of  the  "inside/outside  wedge 
surface  osculation  plane"  and  the  hemi- 
ellipsoid  associated  with  the  outside  surface 
of  the  insulation  wedge  in  the  forward  case 
closure  section; 

in3  Figs.  8,  9 Eq.  92 

VIWCFPD  ^IW  Volume  of  propellent  displaced  by  the 

CFPD  insulation  wedge  associated  with  the  forward 
closure; 

in3  Eq.  211 

VIWCHAI  ^IW  Volume  of  the  ellipsoidal  cap,  with 

CHAI  cylindrical  hole  cutout  associated  with  the 

cone  frustum  hole  cutout  for  the  nozzle,  which 
forms  the  inside  surface  of  the  insulation 
wedge  in  the  aft  case  closure  section; 

in3  Figs.  12,  14  Eq.  151 

VIWCHAO  ^IW  Volume  of  the  hemi-ellipsoid  frustum,  with 

CHAO  cylindrical  hole  cutout,  associated  with  the 

outside  surface  of  the  insulation  wedge  in 
the  aft  closure  section; 

in3  Figs.  12,  14  Eqs . 141,  143 

/IWCHFI  Vjw  Volume  of  the  ellipsoidal  cap,  with  hole 

CHFI  cutout  for  the  ignitor,  which  forms  the 

inside  surface  of  the  insulation  wedge  in  the 
forward  case  closure  section; 

in3  Figs,  8,  10  Eq,  105 

VIWCHFO  Vj ^ Volume  associated  with  the  outside  surface 

CHFO  of  the  insulation  wedge  in  the  forward  case 

closure  section,  adjusted  for  ignitor  hole; 

in  Figs.  8,  10  Eqs,  93,  97 

VIWCLA  ^]W  Volume  of  insulation  material  required  for 

CLA  the  insulation  wedge  associated  with  the  aft 

case  closure  section; 

in3  Figs,  12,  14  Eq.  155 


80.  1-1  16 


INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


l 


OUTPUT  DATA  (Cont.  ): 


Mnemonic 

VTWCLAO 

VIWCLF 

VIWCLFO 

VTWEAI 

VIWEAIE 


Symbol 


IW 


CLAO 


IW 


CLF 


IW 


CLFO 


IW 


EAI 


'IW 


EAIE 


VIWEFI 


VIWEFIE 


IW 


'IW 


EFI 


EFIE 


Description;  Ext.  (Int.  ) Unite 


Volume  of  the  hemi-ellipsoid  associated  with 
the  outside  surface  of  the  insulation  wedge 
in  the  aft  case  closure  section; 

in3  Fig.  14  Eq.  135 

Volume  of  insulation  material  required  for 
the  insulation  wedge  associated  with  the 
forward  case  closure  section; 

in  Figs.  8,  10  Eq.  106 

Volume  of  the  hemi-ellipsoid  associated  with 
the  outside  surface  of  the  insulation  wedge 
within  the  forward  case  closure; 

in3  Pigs.  8,  10  Eq.  85 

Volume  of  the  hemi-ellipsoid  associated  with 
the  inside  surface  of  the  insulation  wedge 
within  the  aft  case  closure; 

in3  Eq.  144 

Volume  of  the  ellipsoidal  cap  associated 
with  the  inside  surface  of  the  insulation 
wedge  in  the  aft  case  closure.  If  the 
insulation  wedge  extends  beyond  the  closure, 
VIWEAIE  is  the  hemi-ellipsoid  volume; 

in3  Pigs.  12,  14  Eq.  150 

Volume  of  the  hemi-eilipsoid  associated 
with  the  inside  surface  of  the  insulation 
wedge  within  the  forward  case  closure  section; 

in3  Figs.  7,  9 Eq.  98 

Volume  of  the  ellipsoidal  cap  associated  with 
the  inside  surface  of  the  insulation  wedge  in 
the  forward  case  closure  section.  If  the 
insulation  wedge  extends  beyond  the  closure, 
VIWEFIE  is  the  hemi-ellipsoid  volume; 

in3  Figs.  8,  10  Eq.  104 


8u. 1-117 


INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


OUTPUT  DATA  (Coi.t. ): 


Mnemonic 


VIWFOY 


VIWHAI 


VIWHAIC 


VIWHAIE 


VIWHAOC 


VIWHAOE 


Symbol 
V, 


IW 


FOY 


IW 


HAI 


IW. 


HAIC 


IW 


HAIE 


IW 


HAOC 


IW 


HAOE 


Description;  Ext.  (Int.  ) Units 

Volume  of  the  cylindrical  section  associated 
with  the  outside  surface  of  the  insulation 
wedge  in  the  forward  case  closure  section; 

in3  Fig.  10  Eq.  96 

Volume  of  the  cylinder,  with  ellipsoidal 
cap,  associated  with  the  nozzle  cutout  cone 
frustum,  in  the  hemi-ellipsoid  associated 
with  the  inside  surface  of  the  insulation 
wedge  in  the  aft  case  closure  section; 

in3  Figs.  12,  14  Eq.  148 

Volume  of  the  cylindrical  section,  associated 
with  the  nozzle  cutout,  within  the  hemi- 
ellipsoid  associated  with  the  inside  surface 
of  the  insulation  wedge  in  the  aft  case 
closure  section; 

in3  Figs.  12,  14  Eq.  147 

Volume  of  the  ellipsoidal  cap,  at  the  aft 
base  of  the  cone  frustum  associated  with 
the  nozzle  cutout,  within  the  hemi-ellipsoid 
associated  with  the  inside  surface  of  the 
insulation  wedge  in  the  aft  case  closure 
section; 

in3  Figs.  12,  14  Eq.  146 

Volume  of  the  cylindrical  section,  associated 
with  the  nozzle  cutout,  within  the  hemi- 
ellipsoid  frustum  associated  with  the  outside 
surface  of  the  insulation  wedge  in  the  aft 
case  closure  section; 

in3  Figs.  12,  14  Eq.  138 

Volume  of  the  ellipsoidal  cap,  at  aft  base 
of  the  cone  frustum  section  associated  with 
the  nozzle  cutout,  within  the  hemi-ellipsoid 
associated  with  the  outside  surface  of  the 
insulation  wedge  in  the  aft  case  closure 
section; 

in3  Figs.  12,  14  Eq.  137 


80.  1-1  18 


IN  SU  LG 


INTERNAL  INSULATION  GEOMETRY 


INGM1 


OUTPUT  DATA  (Cont,  ): 

Mnemonic  Symbol  Description;  Ext.  (Int.  ) Units 


VI  WHAT 


VIWHFI 


VIWHFIC 


VIWHFIE 


VIWHFO 


VTWHFOC 


IW 


HAT 


IW 


HFIC 


IW 


HFIE 


IW 


HFO 


IW 


HFOC 


Volume  of  triangular  section,  in  insulation 
wedge,  associated  with  the  cane  frustum 
cutout  for  the  nozzle  within  the  aft  case 
closure  section; 

in3  Figs.  12,  14  Eq.  154 

Volume  of  the  cylinder  with  ellipsoidal  cap, 
associated  with  the  ignitor  hole,  in  the  hemi- 
ellipsoid  associated  with  the  inside  surface 
of  the  insulation  wedge  in  the  forward  case 
closure  section; 

in3  Figs.  8,  10  Eq.  102 

Volume  of  the  cylindrica  section,  associated 
with  the  ignitor  ho:e,  within  the  hemi- 
ellipsoid  associated  with  the  inside  surface  of 
the  insulation  wedge  in  the  forward  case 
closure  section; 

in3  Figs.  8,  10  Eq.  101 

Volume  of  ellipsoidal  cap,  at  forward  base 
of  the  cylindrical  section  associated  with 
the  ignitor  cutout,  within  the  hemi-ellipsoid 
associated  with  the  inside  surface  of  the 
insulation  wedge  in  the  forward  case 
closure  section; 

in3  Figs.  8,  10  Eq.  100 

Volume  of  the  cylinder,  with  ellipsoidal  cap, 
associated  with  the  ignitor  hole,  in  the  hemi- 
ellipsoid  and  cylinder  associated  with  the 
outside  surface  of  the  insulation  wedge  in 
the  forward  case  closure  section; 

in3  Figs.  8,  10  Eqs.  90,  95 

Volume  of  the  cylindrical  section,  associated 
with  the  ignitor  hole,  within  the  hemi-ellipsoid 
associated  with  the  outside  surface  of  the 
insulation  wedge  in  the  forward  case  closure 
section; 

in3  Figs.  8,  10  Eq.  88 


80.  1-119 


IN  5 U LG 


INTERNAL  INSULATION  GEOMETRY 


INGMI 


OUTPUT  DATA  (Cont,  ): 
Mnemonic  Symbol 

VTWHFOE  V 

1 HFOE 


VIWHFOL 


IW 


HFOL 


VIWHFOY 


IW 


HFOY 


VIWPD 

YIJ1 

YIJ2 


Description;  Ext,  (int.  ) Units 


Volume  of  ellipsoidal  cap,  at  forward  base 
of  the  cylindrical  section  associated  with  the 
ignitor  cutout,  within  the  hemi -ellipsoid 
associated  with  the  outside  surface  of  the 
insulation  wedge  in  the  forward  case  closure 
section; 

in3  Figs,  8,  10  Eq.  87 

Volume  of  the  cylindrical  section,  associated 
with  the  ignitor  hole,  within  the  hemi- 
ellipsoid  associated  with  the  outside  surface 
of  the  insulation  wedge  in  the  forward  case 
closure  section.  The  bases  of  the  cylindrical 
section  are  the  equatorial  plane  of  the  hemi- 
ellipsoid  and  the  "inside/outside  wedge 
surface  osculation  plane1'; 

in3  Figs,  7,  8 Eq.  89 

Volume  of  the  cylindrical  section,  associated 
with  the  ignitor  hole,  within  the  cylindrical 
case  section  associated  with  the  outside 
surface  of  the  insulation  wedge  in  the  forward 
case  closure  section.  The  bases  of  the 
cyl’ndi  ical  section  are  the  equatorial  plane 
of  the  hemi-ellipsoid  and  the  "inside/outside 
wedge  surface  osculation  plane"; 

in3  Fig.  10  Eq,  94 

Volume  of  propellent  displaced  by  the 
insulation  wedges  associated  with  the 
forward  and  aft  closures; 

in3  Eq.  223 

Intermediate  quantity  for  YIJPG  computation; 
in  _q.  1 v 3 

Intermediate  quantity  for  YIJPG  computation; 
in3  Eq.  189 


80.  1-120 


INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGMI 


OUTPUT  DATA  (Cont,  ); 


Mnemonic 


Symbol  Description;  Ext,  (Int.  ) Units 


YIJ3 

YIJ4 

YIJ5 

YIJPG 

YISPG 

YIWHAT 


lIW 


HAT 


Intermediate  quantity  Lot  YIJPG  computation; 
in  Eq.  190 

Intermediate  quantity  for  YIJPG  computation; 
in3  Eq.  191 

Intermediate  quantity  for  YIJPG  computation; 
in2  Eq.  192 

Centroid,  measured  with  respect  to  the  motor 

centerline,  of  the  polygon  cross  section  for 

joint  cutouts; 

in  Fig.  17  Eq.  194 

Centroid,  measured  with  respect  to  the  motor 
centerline,  of  the  polygon  cross  section 
associated  with  the  port/grain  insulation 
component  for  slot  cutouts; 

in  Fig.  16  Eq,  169 

Distance  from  axis  of  revolution  to  centroid 

of  triangular  section  in  insulation  wedge, 
associated  with  the  cone  'rustum  cutout  for 
the  nozzle,  within  the  aft  case  closure  section; 

in  Figs.  11,  13  Eq.  153 
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INSULG 


INTERNAL  INSULATION  GEOMETRY 


INGM1 
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80.  1-123 


w 


.iiiAU 


INSULW 


INTERNAL  INSULATION  WEIGHT 


INWM1 


90.  1 

MODEL  TYPE:  INSULW  (internal  iNSULation  Weight) 

MODEL  NAME:  INWM1  (Geometry  dependent) 


DESCRIPTION: 


INWM1  (internal  INsriation  Weight  Model  ni'mber  1)  uses  volumes, 
determined  by  an“insulation  geometry  model,  to  evaluate  the  internal 
insulation  component  weights  for  a solid  rocket  motor.  The  computed 
insulation  weight  breakdown  may  include  the  following  components. 

Insulation  liner. 

Insulation  wedges  associated  with  the  forward  and  aft  closures. 

Joint  insulation. 

Slot  insulation. 

Residual  insulation. 


PROCEDURE: 


This  is  a two  entrance  model.  At  the  first  entrance,  the  insulation 
densities  are  picked  up  and  made  available  to  define  the  insulation  properties 
required  for  the  insulation  geometry  computations.  No  equations  are  evaluated. 

The  internal  insulation  geometry  is  then  evaluated  by  the  model  specified  for 
the  INSULG  model  type  and  the  component  volumes  are  evaluated. 

The  second  entrance  of  INWM1  uses  these  volumes  to  evaluate  the  component 
weights,  then  uses  these  component  weights  to  compute  the  internal  insulation 
weight  breakdown. 


EQUATIONS: 


Weight  of  insulation  liner  within  forward  case  closure  section. 

W’LCLF  1 pil  vilclf 


90.  1-1 


INSULW 


INTERNAL  INSULATION  WEIGHT 


INWM1 


EQUATIONS  (Cont.  ): 

Weight  of  insulation  liner  within  aft  case  closure  section. 
W'LCLA  = Kwilclapil  vilcla 


(2) 


Weight  of  insulation  liner  within  cylindrical  case  section. 

W s K P V 

wILcy  WILCY  IL  ILcy 


Total  weight  of  insulation  liner.  Includes  forward  closure,  aft  closure  and 
cylindrical  section  components. 


WIL  = KWILPIL  VIL 


(4) 


Weight  of  insulation  wedge  associated  with  forward  case  closure  section. 
WlWCLF  = KWIWCLF  PIW  VIWclf 


Weight  of  insulation  wedge  associated  with  aft  case  closure  section 
W'WCLA  = Kwiwcla  piw  viwcla 


Total  weight  of  closure  insulation  wedges.  Includes  forward  case  closure 
and  aft  case  closure  components. 


W 


IW 


= K 


WIW  (WIW 


+ w 


CLF 


IW 


CLA/ 


(7) 


Weight  of  insulation  for  a single  slot  having  no  sides  inhibited. 

W = K P V 

ISIH0  WISIHO  IS  VISIHQ 


Weight  of  insulation  for  a single  slot  having  one  side  inhibited. 

W = K P V 

ISIH1  WISIH1  IS  ISIH1 


(8) 


(9) 


90.  1-2 


INSULW 


INTERNAL  INSULATION  WEIGHT 


INWM1 


EQUATIONS  (Cant.  ): 

Total  weight  for  slot  insulation, 

WIS  = KWIS  PIS  VIS  <10) 

Weight  of  insulation  for  a single  joint  having  both  sides  inhibited. 

V'UIH2  ' KwIJ1H2  V'JTH2  ,U’ 

Total  weight  for  joint  insulation. 

WIJ  = KWIJ  Pij  VIJ  (12) 

Density  of  residual  internal  insulation  material. 

PR  = KPRLPIL  + KPRJ  PIJ  + KPRWPIW  + KPRS  PIS  * KPR  (12-a) 

Total  residual  insulation  weight. 

WINR  = kwinr  pr  VINr  (13) 

Total  internal  insulation  weight.  Includes  liner,  closure  wedge,  slot, 
and  joint  component  .. 

WIN  = KW1N  (WIL  + WIW  + WIS  + WIj)  (14^ 

Total  non-expended  internal  imulation  weight  component. 

winnx  n KW1NNX  WINr 

Total  expended  internal  insulation  weight  component. 

WINX  C KWINX  (WIN  " WINR) 

Expended  (thrust  producing)  internal  insulation  weight  component. 

WjNXT  = KvvrNX1  WINX  (17> 

Expended  (non-thrust  producing)  internal  insulation  weight  component. 

W.KT  «=  WIK,  - WfM  (18) 

INXI  INX  inxt 


90,  1-3 


INSULW 


INTERNAL  INSULATION  WEIGHT 


INWM1 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  directly  to  this  model  by  the  program  user.  If  a 
value  is  not  input,  the  preset  value  is  used. 


Mnemonic 

KRHOINR 

KRHOIRJ 

KRHOIRL 

KRHOIRS 

KRHOIRW 

KWIJ 

KWIJIH2 

KWIL 

KWTLCLA 

KWILCLF 

KWILCY 

KWIN 


Symbol 

KPR 

kprj 

kprl 

kprs 

kprw 

kwij 

K Wl  JIH2 

kwil 

kwilcla 

kwilclf 

kwilcy 

kwin 


Description;  Ext.  (Int.  ) Units Preset 

Bias  for  RHOINR  computation; 
lb/in^  0 

Coefficient  for  RHOINR  computation; 

N.  D.  0 

Coefficient  for  RHOINR  computation; 

N.  D.  1 


Coefficient  for  RHOINR  computation; 
N.  D.  0 

Coefficient  for  RHOINR  computation; 
N.  D.  0 

Coefficient  for  WIJ  computation; 

N.  D.  1 

Coefficient  for  WIJTH2  computation; 
N.  D.  1 

Coefficient  for  WIL  computation; 

N.  D.  1 

Coefficient  for  WILCLA  computation; 
N.  D.  1 

Coefficient  for  WILCLF  computation; 
N.  D,  1 

Coefficient  for  WILCY  compulation; 
N.  D.  1 

Coefficient  for  WIN  computation; 

N.  D.  1 


90.  1-4 


INSULW 


INTERNAL  INSULATION  WEIGHT 


INWM1 


INPUT  DATA,  INTRA-MODEL  (Cont.  ):  j 


Mnemonic 

Svmbol 

Description;  Ext.  (Int.  ) Units  Pr< 

KWINR 

KWINR 

Coefficient  for 

WINR  computation; 

N.  D. 

1 

KWINNX 

kwinnx 

Coefficient  for 

WINNX  computation; 

N.  D. 

1 

KWINX 

kwinx 

Coefficient  for 

WINX  computation; 

N.  D. 

1 

KWINXT 

kwinxt 

Coefficient  for 

WINXT  computation; 

N.  D. 

1 

KWIS 

KWIS 

Coefficient  for 

WIS  computation; 

N.  D. 

1 

KWISIH0 

KWISIH0 

Coefficient  for 

WISIH0  computation; 

N.  D. 

1 

KWISIH1 

kwisihi 

Coefficient  for 

WISIHl  computation; 

N.  D. 

1 

KW1W 

KWIW 

Coefficient  for  WIW  computation; 

N.  D. 

1 

KWIWCLA 

kwiwcla 

Coefficient  for 

WIWCLA  computation; 

N.  D, 

1 

KWIWCLF 

kwiwclf 

Coefficient  for  WIWCLF  computation; 

N.  D. 

1 

RHOIJ 

'w 

Density  of  internal  insulation  material 
for  joints; 

lb/in3 

0 

RHOIL 

'iL 

Density  of  internal  insulation  material 
for  liner; 

lb/in3 

0 

90.  4-5 


INSULW 


INTERNAL  INSULATION  WEIGHT 


INWM1 


INPUT  DATA,  INTRA-MODEL  (Cont. ): 


Mnemonic 


Symbol 


Description;  Ext.  (Int. ) Units Preset 


RHOIS  PIS 

RHOIW  PIW 


Density  of  internal  insolation  material 
for  slots; 

lb/in3  0 

Density  of  internal  insulation  material 
for  closure  wedges; 

lb/in3  0 


INPUT  DATA,  INTER-MODEL; 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra -model  input. 


Mnemonic 


Symbol  Description;  Ext,  (Int.  ) Units  Model  Type 


VIJ 


V1JIH2 


VIL 


VILCLA 


VILCLF 


IL 


CLA 


IL 


CLF 


Total  volume  of  internal  insulation  required 
for  joints; 

in3  INSULG 

Volume  of  internal  insulation  required  for 
a single  joint  having  both  sides  inhibited; 

in3  INSULG 

Total  volume  of  internal  insulation  required 
for  insulation  liner.  Includes  cylindrical 
section  and  closure  components; 

in3  INSULG 

Volume  of  internal  insulation  liner  within 
the  aft  closure; 

in3  INSULG 

Volume  of  internal  insulation  liner  within 
the  forward  closure; 

in3  INSULG 


90.  1-6 


INSULW 


INTERNAL  INSULATION  WEIGHT 


INWM1 


I 


INPUT  DATA,  INTER-MODEL  (Cont.  ): 


Mnemonic 


Symbol  Description;  Ext.  (Int.  ) Units Model  Type 


VILCY 

VINR 

VIS 

VISIHO 

VISIH1 

VIWCLA 

VIWCLF 


IW 


CLA 


IW 


CLF 


Volume  of  internal  insulation  liner  within 
the  cylindrical  case  section; 

in3  INSULG 

Volume  of  residual  internal  insulation; 
in3  INSULG 

Total  volume  of  internal  insulation  required 
for  slots; 

in3  INSULG 

Volume  of  internal  insulation  required  for  a 
single  slot  having  no  sides  inhibited: 

in3  INSULG 

Volume  of  internal  insulation  required  for 
a single  slot  having  one  side  inhibited; 

in3  INSULG 

Volume  of  internal  insulation  wedge 
associated  with  the  aft  closure; 

in3  INSULG 

Volume  of  internal  irsulation  wedge 
associated  with  the  forward  closure; 

in3  INSULG 


OUTPUT  DATA: 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

RHOINR 

PR 

Density  of  residual  insulation 

material; 

lb 

Eq.  12-a 

90,  1-7 


INSULW 


INTERNAL  INSULATION  WEIGHT 


INWM1 


OUTPUT  DATA(Cont,  ): 


Mnemonic 

WIJ 

WIJIH2 

WIL 


Symbol 

WIJ 


W 


IJ 


IH2 


W 


IL 


wiix;la 


WILCLF 


WILCY 


WIN 


W 


IL 


CLA 


W 


IL 


CLF 


W 


IL 


CY 


W 


IN 


WINNX 

WINR 

WINX 


W 


IN 


NX 


W 


IN 


R 


W 


IN, 


Description;  Ext.  (Int. ) Units 

Total  weight  for  joint  insulation; 
lb  Eq.  12 

Weight  of  insulation  for  a single  joint  having 
both  sides  inhibited; 

lb  Eq.  11 

To'.al  weight  of  insulation  liner.  Includes 
forward  closure,  aft  closure,  and  cylindrical 
section  components; 

lb  Eq.  4 

Weight  of  insulation  liner  within  aft  case 
closure  section; 

lb  Eq.  2 

Weight  of  insulation  liner  within  forNwtrd 
case  closure  section; 

lb  Eq.  1 

Weight  of  insulation  liner  within  cylindrical 
case  section; 

lb  Eq.  3 

Total  internal  insulation  weight.  Includes 
liner,  closure  wedge,  slot  and  joint 
components; 

lb  Eq.  14 

Total  non  expended  internal  insulation 
weight  exponent; 

lb  Eq.  15 

Weight  of  residual  internal  insulation; 
lb  Eq.  13 

Total  expended  internal  insulation  weight 
component; 

lb  Eq,  16 


90.  1.8 


INSULW 


INTERNAL  INSULATION  WEIGHT 


INWM1 


OUTPUT  DATA  (Cont.  ): 


Mnemonic 


WIN  XI 


WINXT 


Symbol 


WISIHO 


WIS1H1 


WIWCLA 


WIWCLF 


CLA 


CLF 


Description;  Ext,  (Int.  ) Units 

Expended  (non-thrust  producing)  internal 
insulation  weight  component; 

lb  Eq.  18 


Expended  (thrust  producing)  internal 
insulation  weight  component; 

lb  I 


Total  weight  for  slot  insulation; 


Eq.  17 


Eq.  10 


Weight  of  insulation  for  a single  slot 
having  no  sides  inhibited; 

lb  Eq.  8 

Weight  of  insulation  for  a single  slot  having 
one  side  inhibited; 

lb  Eq.  9 

Total  weight  of  insulation  of  insulation 
wedges.  Includes  forward  case  closure  and 
aft  case  closure  components; 

lb  Eq.  7 

Weight  of  insulation  wedge  associated  with 
aft  closure  section; 

lb  Eq.  6 

Weight  of  insulation  wedge  associated  with 
forward  closure  section; 

lb  Eq.  5 


90.  1-9 


INSULW 


INTERNAL  INSULATION  WEIGHT 


1NWM1 
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INTSTGG 


INTERSTAGE  GEOMETRY 


ITGM1 


100.  1 


MODEL  TYPE:  INTSTGG  (INTerSTaGe  Geometry) 

MODEL  NAME:  ITGM1  (Cone  frustum) 


DESCRIPTION: 


ITGM1  (InTerstage  Geometry  Model  number  evaluates  the  geometry  for 
a simple  cone  frustum  or  cyliriBrical  interstage  connecting  either  two 
substages  (see  figure  1)  or  the  top  substage  and  the  payload  (see  figure  2). 


PROCEDURE: 


Prior  to  entering  ITGM1,  all  substage  and  payload  models  have  been  executed. 

ITGM1  is  then  executed.  If  this  is  not  the  uppermost  interstage  in  the 
propulsion  system,  the  geometry  requirements  of  the  substage  below  and 
the  substage  above  this  interstage  are  used  to  determine  the  pertinent 
interstage  geometry.  If  this  is  the  uppermost  interstage  in  the  propulsion 
system,  the  substage  below  and  the  payload  above  are  utilized  to  determine 
interstage  geometry. 

After  leaving  ITGM1,  the  weight  models  for  this  particular  interstage  are 
executed.  After  all  interstages  are  sized,  the  stage  models  will  be  executed 
and,  utilizing  the  interstage  and  substage  data,  the  stage  will  be  sized. 


EQUATIONS: 


Required  interstage  length  component  associated  with  the  substage  above 
this  interstage.  Figs.  1,  2 


above 


(1) 


Required  interstage  length  component  associated  with  the  substage  below 
this  interstage.  Figs.  1,  2 


^below 


(2) 


100. 1-1 


INTSTGG 


INTERSTAGE  GEOMETRY 


ITGM1 


EQUATIONS  (Cont.  ): 
Interstage  length.  Figs.  1,  2 


LIT  s lit 


+ L 


IT, 


+ L. 


IT, 


SSA  SSF  “S 

Forward  interstage  base  diameter.  Figs.  1,  2 

°ITF  '(DsSXTA)above 

Aft  interstage  base  diameter.  Figs.  1,  2 
D, 


IT 


'DSS  ) 
y SSITF / 


below 


Interstage  half  angle.  Figs.  1,  2 
= arctan 


DIT  " °ITr 
A F 


T*X 


IT 


Interstage  slant  height.  Figs.  1,  2 

L. 

L. 


"IT 


'IXL  - CO.  <>IT 


Interstage  surface  area. 

sit  = (nr)  litl  f^iTp  + dita) 

Interstage  aft  base  cross-sectional  area. 


IT 


ff)  D 


2 

IT 


Interstage  forward  base  cross -sectional  area. 
aitf  = ("f")  DITf 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


100.  1-2 


qEOMETBY 


^TERSTAGE 


nA  V -Z 


Geometry’ 


Interstage 


Between  Substage 


and  Payload 


INTSTGG 


INTERSTAGE  GEOMETRY 


ITGM1 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  to  this  model  directly  by  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 


Mnemonic  Symbol 


Description;  Ext.  (Int.  ) Units Preset 


UTS 


Spacing  distance  associated  with  the 
interstage.  (Figs.  1,  2); 

in  0 


INPUT  DATA,  INTER-MODEL; 


This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic  Symbol 


Description;  Ext.  (Int.  ) Units  Model  Type 


DSSITA 


DSSITF 


LSSITA 


LSSITF 


SS 


ITA 


D 


SS 


ITF 


"SS 


ITA 


SS 


ITF 


Substage  aft  diameter  for  interstage  attachment 
Associated  with  the  substage  above,  or  forward 
of,  the  interstage; 

in  SUBSTGG 

Substage  forward  diameter  for  interstage 
attachment.  Associated  with  the  substage 
below,  or  aft  of,  the  interstage; 

In  SUBSTGG 

length  of  interstage  required  for  substage 
abo  ^e,  or  forward  of,  the  interstage.  Includes 
nozi  le  protruding  beyond  aft  substage  skirt,  etc.; 

in  SUBSTGG 

Length  of  interstage  required  for  substage 
beiow,  or  aft  of,  the  interstage.  Includes 
closure  protruding  beyond  forward  skirt,  etc.  ; 

SUBSTGG 


in 


INTSTGG 


INTERSTAGE  GEO’vlETR  Y 


ITGM1 


OUTPUT  DATA: 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 


AITA 


A1TF 


DITA 


DITF 


ITHA 


LIT 


L1TL 


LITSSA 


LITSSF 


SIT 


Symbol 

AIT. 

A 

AIT^ 


D 


Description;  Ext.  (Int.  ) Units 


'IT, 


'IT 


'IT 


'IT, 


IT 


SSA 


TT 


SSF 


IT 


Cross-sectional  area,  interstage  ait  base; 
in^  Eq.  9 

Cross -sectional  area,  interstage  fore  base; 

Eq-  10 


. 2 
in 


Interstage  aft  (below)  base  diameter; 
in  Figs.  1,  2 Eq.  5 

Interstage  forward  (above)  base  diameter; 
in  Figs.  1,  2 Eq.  4 

Interstage  half  angle,  (internal  units,  radians); 
deg  Figs*  1»  2 Eq.  6 

Interstage  length.  Measured  along  centerline. 
Altitude  of  cone  frustum  or  cylinder; 


in 

Figs. 

1,  2 

Eq.  3 

Interstage 

slant  height; 

in 

Figs. 

1,  2 

Eq.  7 

Required  interstage  length  component 
associated  with  the  substage  above  (forward); 


in 


Figs.  1,  2 


Eq.  2 


Required  interstage  length  component 
associated  with  the  substage  below  (aft); 


in 


Figs.  1,  2 


Interstage  surface  area; 
in  Figs.  1,  2 


Eq.  1 
Eq.  8 
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INTENSW 


INTERSTAGE  EXTERNAL  INSULATION  WEIGHT 


ITIWM1 


110.  1 


MODEL  TYPE;  INTINS W (INTerstage  External  INSulation  Weight) 

MODEL  NAME:  ITIWM1  (Geometry  Dependent) 

DESCRIPTION: 

ITIWM1  (InTerstage  external  Insulation  Weight  Model  number  1 ) usee  a 
geometry  dependent  equation  to  evaluate  the  interstage  external  insulation 
weight  as  a function  of  the  interstage  surface  area  and  the  external 
insulation  weight  per  unit  area. 


PROCEDURE: 

Prior  to  entering  ITIWM1,  the  model  specified  for  the  INTSTGG  model 
type  has  determined  the  interstage  surface  area. 

The  ITIWM1  model  uses  the  interstage  surface  area,  together  with  the 
external  insulation  weight  per  unit  area,  to  determine  the  external 
insulation  weight  breakdown. 

After  leaving  ITIWM1,  the  model  specified  for  the  INTSTGW  model  type 
will  use  the  external  insulation  weights  to  evaluate  the  interstage  weights. 


EQUATIONS: 

Total  interstage  external  insulation  weight. 

WITIE  = KWITIE  (KWIT1E1  SIT  WITjua  + KWITIE2) 

Total  non-expended  interstage  external  insulation  weight  component, 

WiTIENX  = Kwitinx  Witb 

TotaJ  expended  interstage  external  insulation  weight  component. 

w = K w 

itiex  witix  itie 


INTINSW  INTERSTAGE  EXTERNAL  INSULATION  WEIGHT 


ITIWM1 


EQUATIONS  (Cont.  ): 

Expended  (non-thrust  producing)  interstage  external  insulation  weight 
component. 


W 


IT 


= W 


IEXI 


IT 


IEX 


(4) 


Expended  (thrust  producing)  interstage  external  insulation  weight  component. 

W.T  = 0 (5) 

IEXT 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  to  this  model  directly  by  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Pre: 

KWITIE 

kwitje 

Coefficient  for  WITIE  computation; 
N.  D. 

1 

KWI'nEl 

kwitiei 

Coefficient  for  WITIE  computation; 
N.  D. 

1 

KWITIE2 

kwitiee 

Bias  for  WITIE  computation; 
lb 

0 

KWITINX 

kwitinx 

Coefficient  for  WITIENX  computation; 
N.  D. 

1 

KWITIX 

kwitix 

Coefficient  for  WITIEX  computation; 
N.  D. 

0 

WITIUA 

Wjt 
1 1 IUA 

Weight  of  interstage  external  insulation 
per  unit  interstage  surface  area; 

lb/in^  0 

110.  1-2 


INTINSW  INTERSTAGE  EXTERNAL  INSULATION  WEIGHT  ITIWM1 


INPUT  DATA,  INTER -MODEL: 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  ? 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units Model  Type 


Interstage  surface  area; 
in2 


INTSTGG 


OUTPUT  DATA: 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model  input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


WITIE 


WITIENX 


WITIEX 


WITIEXI 


WITIEXT 


IENX 


IEXI 


' JEXT 


Total  interstage  external  insulation  weight; 
lb  Eq.  1 

Total  non-expended  interstage  external 
insulation  weight  component; 

lb  Eq.  2 

Total  expended  interstage  external  insulation 
weight  component; 

lb  Eq.  3 

Expended  (non-thrust  producing)  interstage 
external  insulation  weight  component; 

lb  Eq.  4 


Expended  (thrust  producing)  interstage 
externa)  insulation  weight  component; 


Eq.  5 


110. 1-3 


Nominally,  only  those  lines  with  an  asterisk  to  the  left  of  the  line  number  will  be 
printed.  By  input,  any  of  the  lines  given  below  may  be  printed  or  suppressed 
(see  the  section  on  output  models  for  the  details). 


r ^ 


INTINSW 


INTERSTAGE  EXTERNAL  INSULATION  WEIGHT  ITIWM1 


i 


i 

< 
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INTSTRW 


INTERSTAGE  STRUCTURE  WEIGHT 


ITSWM1 


120.  1 

MODEL  TYPE:  INTSTRW 

MODEL  NAME:  1TSWM1 


(INTr  rstage  STRucture  Weight) 
(Parametric  weight  scaling) 


DESCRIPTION: 

ITSWM1  (InTerstage  Structure  Weight  Model  number  1.)  utilizes  a parametric 
weight  scaling  equation  to  determine  the  interstage  structure  weight.  The 
actual  flight  loads  are  not  used  explicitly  as  parameters  by  this  model. 
However,  axial  thrust  loads  are  implicitly  accounted  for  since  the  theoretical 
equation,  upon  which  the  correlation  analysis  is  based,  uoes  motor  thrust 
as  a loading  parameter.  See  reference  8 for  a description  of  the  equation 
and  scaling  rationale. 

The  ii.terstage  structure  includes  all  of  the  interstage  except  the  external 
insulation. 

The  model  is  applicable  for  performance  parameters  within  the  following 
limits  (see  Input  Data  - Inter  Model). 

5 < RAEXTi'H  < 75 

300  < PCHAVG  < 1C00  psia 

40  < TBPPMT  < 140  sec. 

30CO  < WPPMT  < 2,000,000  lbs. 


PROCEDURE: 


Prior  to  entering  ITSWM1,  the  geometry,  weights,  internal  ballistics,  and 
propulsion  characteristics  for  all  of  the  substages  have  been  evaluated. 

For  the  substage  immediately  above  this  interstage,  the  models  specified 
for  the  IBGAS,  IJ3PERF,  and  NOZZLEG  model  types  have  evaluated  the 
internal  ballistics  and  nozzle  geometry.  For  the  substage  immediately 
below  this  interstage,  the  models  specified  for  the  IBPERF  and  PROPELW 
model  types  have  evaluated  the  internal  ballistics  and  propellent  characteristics. 

The  ITSWM1  model  is  then  executed  and  the  interstage  structure  weight  is 
evaluated  using  parametric  weight  scaling  equations.  In  addition,  the  inter- 
stage structure  weight  is  broken  down  into  expended  and  non-expended 
components. 


120.  1-1 


INTSTRW 


INTERSTAGE  STRUCTURE  WEIGHT 


ITSWM1 


PROCEDURE  (Cont.  ): 

After  leaving  ITSWM1,  these  expended  and  non-expended  components  will  be 
used  by  the  model  specified  for  the  INSTGW  model  type  to  determine  the 
interstage  weights. 


EQUATIONS: 


Tctal  interstage  structure  weight. 


W - y-  c 

itst  ^witst  1 


^PP  *SP 
rrMT  3 VD 

T 


B 


below 


(1) 


/ WPP 

rlnzp  ' l)  \J  P.vVG  T 


MT_ 
B 


above 


Total  non-expended  interstage  structure  weight  component. 

witSTnx  = Kwitsnx  Witst  {2> 

Total  expended  interstage  structure  weight  component. 


W = 0 

A1STX 


(3) 


Expended  (non-thrust  producing)  interstage  structure  weight  component. 

W = 0 (4) 

lSTXI 

Expended  (thrust  producing)  .nterstage  structure  weight  component. 


W 


IT 


= 0 


STXT 


(5) 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  to  this  model  directly  by  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 


rt<  r^,-  Jl.  . 


INTSTRW 


INTERSTAGE  STRUCTURE  WEIGHT 


ITSWM1 


INPUT  DATA,  INTRA-MODEL  (Cont. ); 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Unite 


Preset 


CITST1 


CITST2 


CITST3 


KWITST 


KW1TSNX 


“WITST 


“WITSNX 


Scaling  constant  for  WITST  computation; 

N.  D.  0.00114 

Scaling  constant  for  WITST  computation; 

N.  D.  0.  665 


Scaling  constant  for  WITST  computation; 


N.  D. 


0.  828 


Proportionality  factor  for  total  interstage 
structure  weight; 

N.  D.  1 

Proportionality  factor  for  non-expended  inter- 
stage structure  weight  component; 

N.  D.  1 


INPUT  DATA,  INTER-MODEL: 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units Model  Type 


CVDELV 


1SPVD 


PCHAVG 


Delivered  characteristic  velocity  of  substage 
above  this  interstage; 

ft/sec  IBGAS 

Delivered  vacuum  specific  impulse  of  substage 
below  this  interstage; 

sec  IBPERF 

Average  chamber  pressure  of  substage  above 
this  interstage; 

psia  IBGAS 


120.  1 -3 


INTSTRW 


INTERSTAGE  STRUCTURE  WEIGHT 


ITSWM1 


INPUT  DATA,  INTER-MODEL  (Cont,  ): 


Mnemonic 


t 

r 


RAEXTTH 


RLNZP 


i 

t 


TBPPM1 


TBPPMT 


WPPMT 


WPPMT 


Symbol 

*NZ 

RLNZP 

tb 


B 


W 


PP 


MT 


W 


PP 


MT 


Description;  Ext.  (Int,  ) Units Model  Type 

Expansion  ratio  of  substage  above  this 
interstag ;; 

N.  D.  NOZZLEG 

Protruding  nozzle  ratio  of  substage  above 
this  interstage; 

N.  D.  NOZZIEG 

Propellent  tarn  time  of  substage  above  this 
interstage; 

sec  JBPERF 

Propellent  burn  time  of  substage  below  this 
interstage; 

sec  IBPERF 

Propellent  weight  of  substage  above  this 
interstage; 

sec  PROPELW 

Propellent  weight  of  substage  below  this 
interstage; 


lb 


PROPEL 


OUTPUT  DATA: 


The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model input  to  other  models  and  to  print,  plot,  and  optimization  routines. 

Mnemonic  Symbol  Description;  Ext.  (Int.  ) Units 


WITST  WTT 

ST 


Total  interstage  structure  weight.  Includes 
all  interstage  weight  except  external 
insulation; 

lb  Eq.  1 


{ 

1 

1 

1 


120.  1 -4 


INSTRW 


INTERSTAGE  STRUCTURE  WEIGHT 


ITS  WM1 


OUTPUT  DATA  (Cont.  ): 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


WITSTNX 


WITSTX 


WITSTXI 


WITSTXT 


W 


IT 


STNX 


W 


IT 


STX 


Wjt 

1 STXI 


W 


IT 


STXT 


Total  non-expended  interstage  structure  weight 
component; 

!b  Eq.  2 

Total  expended  interstage  structure  weigh 
component; 

lb  Eq.  3 

Expended  (non-thrust  producing)  interstage 
structure  weight  component; 

lb  Eq.  4 

Expended  (thrust  producing)  interstage 
structure  weight  component; 

lb 


Eq.  5 


Nominally,  only  those  lines  with  an  asterisk  to  the  left  of  the  line  number  will  be 
printed.  By  input,  any  of  the  lines  given  bolow  may  be  printed  or  suppressed 
(see  the  section  on  output  models  for  the  details). 


1NTSTRW 


INTERSTAGE  STRUCTURE  WEIGHT 


1TSWM1 


p 


M 


B 


B 


fO 

* 


I 


INTERSTAGE  STRUCTURE  WEIGHT 


ITSWM2 


1 l 

r - INTSTRW 


1 1 


120.  2 


MODEL  TYPE: 
MODEL  NAME: 
DESCRIPTION: 


INTSTRW  (INTer9tage  STRucture  Weight) 
ITSWM2  (Geometry  Dependent  Weight) 


ITSWM2  (InTerstage  Structure  .Weight  Model  number  2J  uses  a geometry 
dependent  equation  to  evaluate  the  interstage  structure  weight  as  a function 
of  the  interstage  surface  area  and  the  weight  per  unit  surface  area.  Although 
this  model  may  be  utilized  for  any  interstage,  its  piimary  usage  is  for 
simulating  the  top  interstage  within  the  propulsion  s/stem  (i.  e.  , payload 
adapter). 

The  interstage  structure  includes  all  of  the  interstage  -xcept  the  external 
insulation. 


PROCEDURE: 

Prior  to  entering  ITSWM2,  the  model  specified  for  the  1NTSTGG  model 
type  has  determined  the  interstage  surface  area. 

The  ITSWM2  model  then  uses  the  interstage  surface  area,  together  with 
the  structure  weight  per  unit  surface  area,  to  determine  the  interstage 
structure  weight  breakdown. 

After  leaving  ITSWM2,  the  model  specified  for  the  INTSTGW  model  type 
will  use  the  interstage  structure  weight  to  determine  the  interstage  weight. 

EQUATIONS: 

Total  interstage  structure  weight. 

WITsT  = kwitst(kwjtsti  SIT  WITsua  + KWITST2) 

Total  non-expended  interstage  structure  weight  component. 

Wjt  - Wj-r 

STNX  ST 

Total  expended  inrerstage  structure  weight  component. 

W.T  = 0 (3) 

A1STX 


(1) 


(2) 


) 

J 

s 

1 


120. 2-1 


INTSTRW 


INTERSTAGE  STRUCTURE  WEIGHT 


ITSWM2 


EQUATIONS  (Cont. ): 

Expended  (thrust  producing)  interstage  structure  weight  component. 

W-T  = 0 (4) 

“STXT 

Expended  (non-thrust  producing)  interstage  structure  weight  component. 


STXI 


INPUT  DATA,  INTRA-MODEL; 

The  follov'ing  data  is  input  to  this  model  directly  by  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


Preset 


KWITST 


‘WITST 


Coefficient  for  WITST  computation; 
N.  D. 


KWITST1 


KWITST2 


KwitstI  Coefficient  for  WITST  computation; 

N.  D. 

^WITST2  Bias  for  WITST  computation; 

lb 


WITSUA 


Interstage  structure  weight  per  unit  surface 
area; 

lb/ in2  0 


INPUT  DATA,  INTER-MODEL; 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units  Model  Type 


Interstage  structure  surface  area; 

in2  INTSTGG 


120.  2-2 


INTSTRW 


INTERSTAGE  STRUCTURE  WEIGHT 


ITSWM2 


OUTPUT  DATA: 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter - 
model  input  to  other  models  and  to  print,  plot,  and  optimization  routine u. 


Mnemonic  Symbol 


Description;  Ext.  (Int.  ) Units 


WITST 


WITSTNX 


WITSTX 


WITSTX1 


WITSTXT 


W 


IT 


ST 


Wjt 

A1STNX 


w 


IT 


STX 


Wjt 

1 STXI 


W 


IT 


STXT 


Total  interstage  structure  weight,  includes  all 
interstage  weight  except  external  insulation; 

lb  Eq.  1 

Total  non-expended  interstage  structure 
weight  component; 

lb  Eq.  2 

Total  expended  interstage  structure  weight 
component; 

lb  Eq.  3 

Expended  (non-thrust  producing)  interstage 
structure  weight  component; 

lb  Eq.  5 

Expended  (thrust  producing)  interstage 
structure  weight  component; 

lb 


Eq.  4 


r 

a- 

4 i 

INTSTRW 


INTERSTAGE  STRUCTURE  WEIGHT 


S "O 

1* 


h 

,0 


© 
m 
v 
u 

a, 

ts 

V J; 
c ° 
IS  ”D 
t)  a 

X C 

4-» 

O 0. 


& 


J <H  C\J 

* * * 


ITSWM2 


120.  2-4 


INTSTGW 


INTERSTAGE  WEIGHT 


ITWM1 


IT. 

r 

! C 


130.  1 

MODEL  TYPE:  INTSTGW  (INTerSTaGe  Weight) 

MODEL  NAME:  ITWM1  (Weight  Synthesis) 


DESCRIPTION: 

ITWMl  (InTerstage  Weight  Model  number  1 ) is  a weight  synthesis  model 
which  evaluates  the  interstage  weight  breakdown.  The  interstage  weight 
is  comprised  of  the  following  subsystems: 

Interstage  structure 
Interstage  external  insulation 


’ 1 


PROCEDURE: 

Prior  to  entering  ITWMl,  the  models  specified  by  the  INTSTRW  and 
INTINSW  model  types  have  evaluated  the  interstage  structure  and  external 
insulation  weights.  In  addition  to  evaluating  subcomponent  weights  peculiar 
to  their  particular  requirements,  they  have  defined  a set  of  component 
weights  in  terms  of  expended  or  non-expended  attributes. 

These  expended  and  non-expended  weight  components  are  input  to  ITWMl. 
The  ITWMl  model  will  combire  these  quantities  to  determine  the  interstage 
weight  components. 

After  all  of  the  interstages  are  sized,  the  model  specified  by  the  STAGEW 
model  type  will  use  the  substage  and  interstage  quantities  to  determine  the 
stage  weights  and  mass  fractions. 


EQUATIONS: 

Total  interstage  weight. 


WIT  " KWIT  (WITgT 


+ W 


(1) 


130.  1.1 


INTSTGW 


INTERSTAGE  WEIGHT 


ITWM1 


EQUATIONS  (Cont.  ): 

Total  non-expended  interstage  weight  component. 

WITnx  * kwitnx  (witstnx  + witienx) 

Total  expended  interstage  weight  component. 

WITX  * KWITX  (WITstx  + WITiex) 

Expended  (thrust  producing)  interstage  weight  component. 

witxt  * kwitxt  (witstxt  + wJT1fxt) 

Expended  (non-thrust  producing)  interstage  weight  component. 

WITXI  * kwitxi  (witstxi  + witiexi) 


(2) 

(3) 

(4) 

(5) 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  to  this  model  directly  by  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 


Mnemonic 


K WIT 


KWITNX 


KWITX 


KWITXI 


Symbol 

KWIT 


kwitnx 


kwitx 


kwitxi 


Description;  Ext,  (Int.  ) Units  Preset 

Proportionality  factor  for  total  interstage 
weight; 

N.  D.  1 

Proportionality  factor  for  total  non-expended 
interstage  weight  component; 

N.  D.  1 

Proportionality  factor  for  total  expended 
interstage  weight  component; 

M.  D.  1 

Proportionality  factor  for  expended  (non- 
thrust producing)  interstage  weight  component; 

N.  D.  1 


130.  1 -2 


INTSTGW 


INTERSTAGE  WEIGHT 


ITWMl 


a* 

ir 


INPUT  DATA,  INTRA-MODEL  (Cont.  ): 


Mnemonic 


KWITXT 


Symbol 

KWITXT 


Description;  Ext.  (Int.  ) Unite 


Preset 


Proportionality  factor  for  expended  (thrust 
producing)  interstage  weight  component; 


N.  D. 


1 


INPUT  DATA,  INTER-MODEL; 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  st>«cifled  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  dat*  , then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 

WITIE 

WIT1ENX 

I 

WITIEX 

WITIEXI 

WITIEXT 

WITST 

WITSTNX 


Symbol 
W. 


IT 


IE 


Wit 

1 A1ENX 


W 


IT 


IEX 


W1T 
1 1 IE  XI 


WIT 

14IEXT 


WIT 

llSTNX 


Description;  Ext,  (Int.  Units Model  Type 

Total  interstage  external  insulation  weight; 
lb  INT1NSW 

Total  non-expended  interstage  external 
insulation  weight  component; 

lb  INTINSW 

Total  expended  interstage  external  insulation 
weight  component; 

lb  INTINSW 

Expended  (non-thrust  producing)  external 
insulation  weight  component; 

lb  INTINSW 

Expended  (thrust  producing)  external 
insulation  weight  component; 

lb  INTINSW 

Total  interstage  structure  weight; 
lb  INTSTRW 

Total  non-expended  interstage  structure  weight 
component; 

lb 


INTSTRW 


INTSTGV. 


INTERSTAGE  WEIGHT 


ITWM1 


INPUT  DATA,  IN  TER -MODEL  (Gont.  ): 


Mnemonic 


WITSTX 


WITSTXI 


WITSTXT 


Symbol 


Description;  Ext.  (Int.  ) Units Model  Type 


W 


IT 


STX 


W 


IT 


STXI 


W 


IT 


STXT 


Total  expended  interstage  structure  weight 
component; 

lb  INTSTRW 

Expended  (non-thrust  producing)  interstage 
structure  weight  component; 

lb  INTSTRW 

Expended  (thrust  producing)  interstage 
structure  weight  component; 

lb  INTSTRW 


OUTPUT  DATA; 


The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model  input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic  Symbol 


Description;  Ext.  (Int.  ) Units 


WIT  WIT 


WITNX 


W 


IT 


NX 


WITX 


WITXI 


w 


IT 


XI 


Total  interstage  weight.  Includes  structure 
and  external  insulation; 

lb  Eq.  1 

Total  non-expended  interstage  weight 
component.  Includes  structure  and  external 
insulation; 

lb  Eq.  2 

Total  expended  interstage  weight  component. 
Includes  structure  and  external  insulation; 

lb  Eq.  3 

Expended  (non-thrust  producing)  interstage 
weight  component.  Includes  structure  and 
external  insulation; 


lb 


Eq.  5 


INTSTGW 


INTERSTAGE  WEIGHT 


ITWMl 


OUTPUT  DATA  {Cont. 


Mnemonic 


WITXT 


Symbol 


Description;  Ext.  (Int.  ) Unite 

Expended  (thrust  producing)  interstage 
weight  component.  Includes  structure  and 
external  insulation; 


Eq.  4 


130.  1-5 


130,  1.6 


MISCMTW 


MISCELLANEOUS  MOTOR  WEIGHT 


MMWM1 


140.  1 

MODEL  TYPE:  MISCMTW  {Miscellaneous  MoTor  Weight) 

MODEL  NAME:  MMWM1  (Collective  Miscellaneous  Subsystems, 

Parametric  Scaling) 

DESCRIPTION: 

MMWM  1 (Miscellaneous  Motor  \Jfeight  Model  number  1.)  utilizes  a 
parametric  scaling  equation  to  determine  collectively  the  weight  of  a set 
of  miscellaneous  solid  rocket  motor  subsystems.  The  subsystems 
considered  are: 

Raceways 

Base  heat  protection 

Igniter 

Ordnance 

See  reference  8 for  a description  of  the  equation  and  parametric  scaling 
rationale. 

The  model  is  applicable  for  performance  parameters  within  the  following 
limits  (see  Input  Data,  Inter-Model  and  reference  8,  figure  15). 

1000  lb  < WPPMT  < 5,000,000  lb 


PROCEDURE: 


In  addition  to  evaluating  the  miscellaneous  motor  weight,  the  MMWM1 
model  determines  the  woight  breakdown  in  terms  of  expended  and  non- 
expended  components. 

These  expended  and  non-expended  component  weights  will  later  be  used  by 
the  model  specified  for  the  MOTORW  model  type  to  determine  the  motor 
v/eights  and  mass  fractions. 


140.  1- 


MISCMTW 


MISCELLANEOUS  MOTOR  WEIGHT 


MMWM1 


EQUATIONS: 


Total  miscellaneous  motor  weight. 

WMM  = KWMMC1  (WpPMT)C2 

Total  non-expended  miscellaneous  motor  weight  component. 

WMM.tv  = KWMMNX  WMM 
NX 

Total  expended  miscellaneous  motor  weight  component. 
WMM  = 0 


(1) 


(2) 


(3) 


Expended  (thrust  producing)  miscellaneous  motor  weight  component. 
WMMXI  * 0 


(4) 


Expended  (non-thrust  producing)  miscellaneous  motor  weight  component. 


W 


MM 


= 0 


XT 


(S) 


INPUT  DATA,  INTRA- MODEL: 

The  following  data  is  input  to  this  model  directly  by  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 


Mnemonic 


CMMwl 


CMM.W2 


Symbol 

C1 


Description;  Ext.  (Int.  ) Units 


Preset 


Scaling  constant  for  WMM  computationc; 

N.  D.  0.  05 

Scaling  constant  for  V/MM  computation; 

N.  D.  0.  8 


140.  1-2 


MISCMTW 


MISCELLANEOUS  MOTOR  WEIGHT 


MMWMI 


INPUT  DATA,  INTRA-MODEL  (Cont.  ): 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


Preset 


KWMM 


KWMMNX 


‘WMM 


“WMMNX 


Proportionality  factor  for  total  miscellaneous 
motor  weight; 

N.  D.  1 

Proportionality  factor  for  non-expended 
miscellaneous  motor  weight  component; 

N.  D.  1 


INPUT  DATA,  INTER -MODEL: 

This  rr.rdel  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  ;hen  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.)  Units  Model  Type 


WPPMT 


Propellent  weight; 
lb 


PROPELW 


OUTPUT  DATA; 

The  following  data  is  output  by  this  model.  It  is  available  for  use  as  inter- 
model input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


WMM 


Total  miscellaneous  motor  weight,  includes 
weights  of  raceways,  base  heat  protection, 
igniters,  and  ordnance; 

lb  Eq.  1 


WMMNX 


MMNX 


Total  non-expended  miscellaneous  motor 
weight  component,  includes  weights  of 
raceways,  base  heat  protection,  igniters, 
and  ordnance; 


Eq.  2 


140.  1-3 


MISCMTW 


MISCELLANEOUS  MOTOR  WEIGHT 


MMWMI 


OUTPUT  DATA 

Mnemonic 

WMMX 

WMMXI 

WMMXT 


(Cont.  ): 


Symbol  Description;  Ext.  (Int.  ) Unite 


WMMX, 


WMM 


XT 


Total  expended  miscellaneous  motor  weight 
component,  includes  weights  of  raceways, 
base  heat  protection,  ignite rs,  and  ordnance; 

lb  Eq.  3 

Expended  (non-thrust  producing)  miscellaneous 
motor  weight  component,  includes  weights  of 
raceways,  base  heat  protection,  igniters, 
and  ordnance; 

lb  Eq.  4 

Expended  (thrust  producing)  weight  component, 
includes  weights  of  raceways,  base  heat 
protection,  igniters,  and  ordnance; 

Jb  { Eq.  5 


140.  1-4 


MOTORG 


MOTOR  GEOMETRY 


MTGM1 


150.  1 


MODEL  TYPE:  MOTORG  (MOTOR  Geometry) 

MODEL  NAME;  MTGM1  (Solid  Rocket  Motor) 


DESCRIPTION: 

MTGM1  (Mo Tor  Geometry  Model  number  ,1)  evaluates  the  geometry  of  a 
basic  solid  rocket  motor.  The  motor  includes  only  the  cylindrical  case 
section,  forward  case  closure  section  and  aft  case  closure  section.  It  may 
include  diameter  corrections  for  raceways,  etc.  , but  does  not  include  the 
protruding  portion  of  the  nozzle,  thrust  termination  ports,  etc.  The  latter 
quantities  are  evaluated  by  the  substage  geometry  model.  The  motor 
geometry  is  illustrated  by  figure  1. 


PROCEDURE: 


Prior  to  entering  MTGM1,  the  models  specified  by  the  PROPELW,  CASEG, 
and  GRAING  model  types  have  evaluated  the  geometry  of  the  major  motor 
components. 

MTGM1  then  determines  the  basic  motor  geometry. 

After  executing  MTGMl,  the  model  specified  by  the  SUBSTGG  model  type 
will  utilize  the  motor  geometry  and  nozzle  geometry  to  determine  the  substage 
geometry. 


EQUATIONS: 

Length  of  forward  motor  closure.  (Figure  1) 


MTCHF  KMT1  LcSCHFO  KmT2 


Length  of  aft  motor  closure.  (Figure  !) 


JMT 


= K 


CHA 


MT3  "';SCHAO  ' KMT- 


(1) 


(2) 


MOTORG 


MOTOR  GEOMETRY 


MTGM1 


EQUATIONS  (Cont,  ): 

Length  of  motor  cylindrical  section.  (Figure  1) 

lmtcy  1 kmt5  lcscy  + kmt6 

Total  motor  length.  (Figure  1) 


LMT  = LMT 


+ L 


MT. 


+ L 


MT, 


CY  CHF  CHA 

Total  motor  diameter.  (Figure  1) 

dmt  = kmt?  dcs0  + kmt8 

Motor  cross  sectional  area. 

*2 


MT 


-m 


'MT 


Ratio;  motor  length  to  case  diameter. 

L, 

R, 


"MT 


‘LDMTCS 


TT 


CS, 


Ratio;  motor  length  to  motor  diameter. 

U 

R, 


“MT 


LDMT 


MT 


Motor  volume. 


V = V 
MT  GN 


Motor  volumetric  loading  efficiency. 
V, 


n. 


pp 


MT 


PPMT  VMT 


(3) 


(4) 


(5) 


(6) 


(V 


(8) 


(9) 


(10) 


150.  1- 


tz  lx* 


MOTORG 


MOTOR  GEOMETRY 


MTGM1 


<; 


EQUATIONS  (Cont.  ): 

Motor  forward  skirt  length.  (Figure  1) 

lmtskf  = KMTSKF1  DCSq  + KMTSKF2 
Motor  aft  skirt  length.  (Figure  1) 
lmt$ka  = KMTSKA1  DCSq  + KMTSKA2 


(11) 


(12) 


l 


I 


l 

t 

I 


150,  1-3 


MOTORG 


MOTOR  GEOMETRY 


MTGM1 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  directly  to  this  model  by  the  program  user.  If  a 
value  is  not  input,  the  preset  value  is  used. 


Mnemonic  Symbol 


Description;  Ext.  (Int.  ) Units Preset 


KMTSKA1 


KMTSKA2 

KMTSKF1 


KMTSKF2 


KMTSKA1  Proportionality  factor  relating  the  motor  aft 
skirt  length  to  the  outside  case  diameter; 

N. D.  0.  1 

^MTSKA2  Bias  for  motor  aft  skirt  length  computation; 

in  0 


KMTSKF1 


KMTSKF2 


Proportionality  factor  relating  the  motor 
forward  skirt  length  to  the  outside  case 
diameter; 

N.  D.  0.  1 

Bias  for  motor  forward  skirt  length 
computation; 

in  0 


The  following  coefficient  and  bias  quantities  are  made  available  for  input. 
However,  in  normal  applications,  the  preset  values  are  used  for  most,  if 
not  all,  of  these  quantities.  Note  that  these  coefficient  quantities  are  preset 
{1)  and  the  bias  quantities  are  preset  (0). 

KMT1  ^MTl  Coefficient  for  LMTCHF  computation; 

N.  D.  1 


KMT2  KMT2 


Bias  for  LMTCHF  computation; 
in  0 


KMT3 


KMT3 


Coefficient  for  LMTCHA  computation; 
N.  D.  1 


KMT'i  ^MT4  Bias  for  LMTCHA  compu  'on; 

in 


0 
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INPUT  DATA,  INTRA-MODEL  (Cont.  ): 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Preset 

KMT5 

KMT5 

Coefficient  for  LMTCY  computation; 
N.  D. 

1 

KMT6 

KMT6 

Bias  for  LMTCY  computation; 
in 

0 

KMT7 

KMT7 

Coefficient  for  DMT  computation; 
N.  D. 

1 

KMT8 

KMT8 

Bias  for  DMT  computation; 
in 

0 

INPUT  DATA,  INTER-MODEL: 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 


DCSO 


LCS 


LCSCY 


LCSCHAO 


LCSCHFO 


Symbol 

DCS0 

Lcs 


Description;  Ext.  (Int.  ) Units Model  Type 


JCS 


CY 


JCS 


CHAO 


"CS 


CHFO 


Outside  case  diameter; 
in  Fig.  1 

Case  length; 
in 

Cylindrical  case  section  length; 
in 

Aft  case  closure  length; 
in 

Forward  case  closure  length; 
in 


CASEG 


CASEG 


CASEG 


CASEG 


CASEG 
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INPUT  DATA, 

INTER -MODEL  (Cont.  ): 

Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Model  Type 

VGN 

VGN 

Volume  of  grain  envelope; 

.3 

in 

GRAING 

VPPMT 

PPMT 

Propellent  volume; 
in3 

PROPELW 

OUTPUT  DATA: 

The  following  data  is  output  from  this  model.  It  is  available  for 
model  input  to  other  models  and  to  print,  plot,  and  optimization 

use  as  inter 
routines. 

Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

AMT 

AMT 

Motor  cross  sectional  area.  May  include 
raceways  and  other  protrusions; 

in 

Eq.  6 

DMT 

dmt 

Motor  diameter.  May  include  allowance  for 
raceways  and  other  protrusions; 

in  Fig.  1 

Eq.  5 

LMT 

lmt 

Motor  length.  Does  not  include  protruding 
nozzle,  outside  igniter  attachment,  thrust 
termination  parts,  etc:.  ; 

in  Fig.  1 

Eq.  4 

LMTCHA 

LmTCHA 

Aft  motor  closure  length; 
in  Fig.  1 

Eq.  2 

L.MTCHF 

mtchf 

Forward  motor  closure  length.  Does  not 
include  outside  igniter  attachments,  thrust 
termination  ports,  etc.  ; 

in  Fig.  1 

Eq.  1 

LMTCY 

LmTCY 

Motor  cylinder  length; 
in  Fig.  1 

Eq.  3 
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OUTPUT  DATA  (Cont.  ): 


Mnemonic  Symbol 


Description;  Ext.  (Int.  ) Unite 


LMTSKA 

LMTSKF 

RLDMT 

RLDMTCS 

RVPPMT 

YMT 


"MT 


SKA 


lmt 


SKF 


RLDMT 

rldmtcs 

”PPMT 

vmt 


Motor  aft  skirt  length.  Measured  along 
outside  of  skirt  from  intersection  of 
cylindrical  motor  section  and  aft  closure 
section; 

in  Fig.  1 Eq.  12 

Motor  forward  ski~t  length.  Measured  along 
outside  of  skirt  fr<  m intersection  of  cylindrical 
motor  section  anu  forward  motor  section; 

in  Fig.  1 Fq.  11 

Ratio,  motor  length  to  motor  diameter; 

N.  D.  Eq.  8 

Ratio,  motor  length  to  case  outside  diameter; 
N.  D.  Eq.  7 

Motor  volumetric  loading  efficiency.  Ratio 
of  propellent  volume  to  motor  volume; 

N.  D.  Eq.  1 0 


Motor  volume.  Volume  of  grain  envelope. 
Excludes  case  liner; 

in^  Eq. 


1 


i 

\ 

i 


i 


i 
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160.  1 


MODEL  TYPE;  MOTORW  (MOTOR  Weight) 

MODEL  NAME;  MTWM1  (Wei  hi  Synthesis) 


DESCRIPTION: 

MTWM1  (MoTor  Weight  Model  number  lj  la  a weight  ayntheaia  model 
which  evaluatea  the  motor  weight  breakdown.  The  motor  weight  is 
comprised  of  the  following  subsystems. 

Propellent 

Case  (includes  joint  weight  penalty  if  applicable) 

Thrust  termination  mechanism 

Internal  insulation 

Thruat  vector  control  system 

Miscellaneous  motor  weight  (includes  raceways,  base  heat 
protection,  igniters,  and  ordnance) 

Kate,  that  toft  tia.NQI  Insladc  tea  nasals  see  the 

SUBSTGW  model  type  for  substage  (motor  plus  nozzle)  weight  quantities. 


PROCEDURE: 


Prior  to  entering  MTWM1,  all  of  the  models  which  evaluate  motor  subsystem 
weights  have  been  executed.  In  addition  to  evaluating  sub-component  weights 
peculiar  to  its  particular  requirement,  each  model  has  defined  a set  of  com- 
ponent weights  in  terms  of  expended  or  non-expended  attributes. 

These  expended  or  non-expended  subsystem  weights  are  input  to  the  MTWM1 
model  which,  in  turn,  combines  these  quantities  to  determine  the  motor 
weight  breakdown.  The  motor  mass  fractions  are  also  evaluated. 

After  MTWM1  is  executed,  the  model  specified  by  the  SUBSTG'V  model  type 
will  utilize  these  motor  quantities,  with  the  nozzle  quantities,  to  determine 
the  total  substage  weights  and  mass  fractions. 
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EQUATIONS: 

Total  motor  weight. 

WMT  = KWMT  (WPPmt  + WCS  + WTT  + WMM  + WIN  + WTv)  (1) 


Total  non-expended  motor  weight  component. 
W 


MT..V  " "WMTNX  (WCS, 


(2) 

NX  v ^Nx  TTnx  mmnx  "1nnx  T "tvnx) 

Total  expended  motor  weight  component  (excluding  propellent). 

WMTX  = KWMTx(WCSx  + *VTTX  * WMMX  + WIN'X  4 WTVX)  (3) 

Expended  (thrust  producing)  motor  weight  component. 


W 


(4) 


mtxt  = KWMTXT(WCSxt  * WTTXT  + wmmxt  * winxt  + wtvxt) 
Expended  (non-thrust  producing)  motor  weight  component. 

WMTXI  = KWMTXl(WCSXI  + WTTXI  4 WMMX[  + WINXI  + WTVXJ  ) (5) 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  to  this  model  directly  by  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 


Mnemonic 


KWMT 


KWMTNX 


Symbol 

KWMT 


K 


WMTNX 


Description;  Ext,  (Int,  ) Units 


Preset 


Proportionality  factor  for  total  motor  weight*, 

N.  D.  1 

Proportionality  factor  for  non-expended 
motor  weight  component', 


N.  D 


1 
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INPUT  DATA,  INTRA-MODEL  (Cont,  ): 

Description;  Ext,  (Lit.  ) Units Preset 

Proportionality  factor  for  total  expended 
motor  weight  component; 

N.  D.  1 

Proportionality  factor  for  expended  (non-thrust 
producing)  motor  weight  component; 

N.  D.  1 

Proportionality  factor  for  expended  (thrust 
producing)  motor  weight  component; 

N.  D.  1 

INPUT  DATA,  INTER -MODEL: 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 

Symbol 

Description;  Ext.  (Int,  ) Units 

Model  Type 

WCS 

wcs 

Case  weight,  total; 

lb 

CASEW 

WCSNX 

wcs 

^NX 

Case  weight  component, 
lb 

total 

non-expended; 

CASEW 

WCSX 

wcs 

Oi>x 

Case  weight  component, 
lb 

total 

expended; 

CASEW 

WCSXI 

wcs 

Oi>Xi 

Case  weight  component, 
thrust  producing); 

expended,  (non- 

lb 

CASEW 

Mnemonic 

KWMTX 

KWMTXI 

KWMTXT 


Symbol 

KWMTX 

kwmtxi 

kwmtxt 
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INPUT  DATA,  INTER-MODEL  (Cont.  ): 


Mnemonic 

WCSXT 

WIN 

WINNX 

WINX 

WINXI 

WINXT 

WMM 

WMMNX 

WMMX 

WMMXI 


Symbol 
W, 


CS 


XT 


w 


IN 


W 


IN 


NX 


W 


IN, 


W 


IN 


XI 


W 


IN 


XT 


W 


MM 


W 


MMNX 


w 


MM, 


W 


MM 


XI 


Description;  Ext.  (Int,  ) Units Model  Type 

Case  weight  component,  expended,  (thrust 
producing); 

lb  CASEW 

Internal  insulation  weight,  total; 
lb  INSULW 

Internal  insulation  weight  component,  total 
non-expended; 

lb  INSULW 

Internal  insulation  weight  component,  total 
expended; 

lb  INSULW 

Internal  insulation  weight  component, 
expended,  {non-thrust  producing); 

lb  INSUL  W 

Internal  insulation  weight  component, 
expended,  (thrust  producing); 

lb  INSULW 

Miscellaneous  motor  weight,  total; 
lb  MISCMTW 

Miscellaneous  motor  weight  component,  total 
non-expended; 

lb  MISCMTW 

Miscellaneous  motor  weight  component, 
total  expended; 

lb  MISCMTW 

Miscellaneous  motor  weight  component, 
expended,  (non-thrust  producing); 

lb  MISCMTW 
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INPUT  DATA, 

Mnemonic 

WMMXT 

WPPMT 

WTT 

WTTNX 

WTTX 

WTTXI 

WTTXT 

WTV 

WTVNX 

WTVX 


INTER-MODEL  (Cont.  ): 


Symbol  Description;  Ext.  (Int.  ) Unite Model  Type 


W 


MM 


XT 


W 


PP 


MT 


W 


TT 


W 


TT 


NX 


W 


TT, 


W 


TT 


XI 


W 


TT 


XT 


W 


TV 


W 


TV 


NX 


W 


TV, 


Miscellaneous  motor  weight  component, 
expended,  (thrust  producing); 

lb  MISCMTW 

Propellent  weight; 

lb  PROPELW 

Thrust  termination  weight,  total; 
lb  TTERMW 

Thrust  termination  weight  component,  total 
non-expended; 

lb  TTERMW 

Thrust  termination  weight  component,  total 
expended; 

lb  TTERMW 

Thrust  termination  weight  component, 
expended,  (non-thrust  producing); 

lb  TTERMW 

Thrust  termination  weight  component, 
expended,  (thrust  producing); 

lb  TTERMW 

Thrust  vector  control  weight,  total; 
lb  TVCW 

Thrust  vector  control  weight  component,  total 
non-expended; 

lb  TVCW 

Thrust  vector  control  weight  component,  total 
expended; 

lb 


TVCW 
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MTWM1 


INPUT  DATA,  INTER-MODEL  (Cont.  ): 


Mnemonic  Symbol 


WTVXI 


W 


TV 


XI 


WTVXT 


W 


TV 


XT 


Description;  Ext,  (Int,  ) Unite Model  Type 

Thrust  vector  control  weight  component, 
expended,  (non-thrust  producing); 

lb  TVCW 

Thrust  vector  control  weight  component, 
expended,  (thrust  producing); 

lb  TVCW 


OUTPUT  DATA: 


The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic  Symbol 


Description;  Ext,  (Int.  ) Units 


WMT 


WMTNX 


WMTX 


WMT 


W 


MT 


NX 


Total  motor  weight.  Includes  propellent, 
case,  thrust  termination,  miscellaneous, 
internal  insulation,  and  thrust  vector  control 
subsystems.  Does  not  include  nozzle; 

lb  Eq.  1 

Total  non-expended  motor  weight  component. 
Includes  case,  thrust  termination, 
miscellaneous,  internal  insulation,  and  thrust 
vector  control  subsystems.  Does  not  include 
nozzle; 

Jb  Eq.  2 

Total  expended  motor  weight  component. 
Includes  case,  thrust  termination, 
miscellaneous,  internal  insulation  and  thrust 
vector  control  subsystems.  Does  not  include 
propellent  or  nozzle; 

lb  Eq.  3 
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OUTPUT  DATA  (Cont.  ): 


Mnemonic  Symbol 


Description;  Ext.  (Int.  ) Units 


WMTXI 


Expended  (non-thrust  producing)  motor  weight 
component.  Includes  case,  thrust  termination, 
miscellaneous  motor,  internal  insulation,  and 
thrust  vector  control  subsystems.  Does  not 
include  nozzle; 


WMTXT 


Expended  (thrust  producing)  motor  weight 
component.  Includes  case,  thrust  termination, 
miscellaneous,  Internal  insulation,  and 
thrust  vector  control  subsystems.  Does  not 
include  propellent  or  nozzle; 

lb  Eq.  4 
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mI  17°-  1 

MODEL  TYPE:  NOZZLEG  (NOZZLE  Geometry) 

MODEL  NAME:  NZGM1  (Conical  nozzle) 


DESCRIPTION: 


NZGM1  (NoZzIe  Geometry  Model  number  1_)  evaluates  the  geometrical 
expressions  required  for  a simple  conical  nozzle  design  having  circular 
convergent  and  transition  section  contours.  Due  to  the  requirement  that  the 
nozzle  contour  be  smooth  (continuous  function  and  continuous  first  derivative) 
where  the  major  sections  join  at  the  throat  and  transition  planes,  the  conical 
section  half  angle  is  equal  to  the  transition  section  arc  angle. 

The  model  assumes: 

1.  The  length  of  the  convergent  section  is  directly  proportional  to  the 
throat  diameter, 

2.  The  radius  of  curvature  of  the  convergent  section  contour  is  directly 
proportional  to  the  throat  diameter. 

3.  The  radius  of  curvature  of  the  transition  section  contour  is  directly 
proportional  to  the  throat  diameter. 

4.  The  conical  section  half  angle  is  equal  to  the  transition  section 
arc  angle. 

5.  The  nozzle  has  zero  thickness. 

It  should  be  noted  that  the  placement  of  the  buried  nozzle  plane  with  respect 
to  the  motor  is  not  determined  by  this  model.  Although  always  associated 
with  the  outside  surface  of  the  aft  case  closure,  the  actual  placement  of  the 
buried  nozzle  plane  is  normally  specified  by  the  model  associated  with  the 
GRAING  model  type. 

For  an  appreciation  of  the  basic  nozzle  terminology  used  within  this  model, 
see  figure  1.  Figures  2 through  5 illustrate  the  nozzle  geometry  and  are 
useful  when  referring  to  the  symbol  definitions  and  equations. 
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PROCEDURE: 


Prior  to  entering  NZGM1,  the  models  specified  by  the  IBGAS  and  IBPERF 
model  types  have  evaluated  the  gas  characteristics,  chamber  pressures  and 
propellent  weight  flow  for  the  solid  rocket  motor. 

The  NZGM1  is  then  executed  and  the  conical  nozzle  geometry  is  evaluated. 

After  executing  NZGM1,  the  model  specified  by  the  IBPERF  model  type  is 
reentered  (if  required)  to  evaluate  the  performance  quantities  which  are 
dependent  upon  the  nozzle  geometry. 

EQUATIONS: 


Nozzle  throat  area. 


*NZ 


TH 


W 


PP 


g 


o 


C* 

MT 

favg 


Nozzle  throat  diameter.  (Figures  2, 


'NZ 


TH 


3.  4,  5) 


(1) 


(2) 


Proportionality  factor  relating  nozzle  entrance  diameter  to  nozzle 
throat  diameter. 

KOENT  - 1 + 2 (C2  - Cl  ) ‘3> 

Porportionality  factor  relating  nozzle  transition  diameter  to  nozzle 
throat  diameter. 

KDTR  = 1+2  Cj  [l  - cos  (#NZ)]  (4) 

Ratio,  nozzle  transition  diameter  to  nozzle  throat  diameter. 

RDTRTH  = KDTR 


Expansion  ratio  at  nozzle  transition  plane. 
*TR  = (RDTRTh) 


(6) 
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EQUATIONS  (Cont.  ): 


Ratio,  nozzle  exit  diameter  to  nozzle  throat  diameter. 


‘DEXTTH 


Radius  of  curvature,  convergent  nozzle  section,  (Figure  3/ 


‘ C 6 E 2 ^N  Z 
CCV  L N TH 


Radius  of  curvature,  transition  nozzle  section.  (Figure  4) 


Rf«.  = G D»j— 

^TR  i JN^TH 


Nozzle  entrance  diameter,  (Figure  3) 


)nzent  = Kdent  Dnzth 


Nozzle  transition  diameter.  (Figure  4) 


dnztr  r rdtrth  dnzth 


Nozzle  exit  diameter.  (Figure  5) 


>nzeXT  r rdextth  dnzth 


Nozzle  entrance  area.  (Figure  3) 


Anz_  = (-T-)  dnz, 


Nozzle  transition  area,  (Figure  4) 


HR  d‘nZ, 
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EQUATIONS  (Cont. ): 

Nozzle  exit  area.  (Figure  5) 

(*£")  Di 


NZ , 


'nz, 


'EXT  ' ‘ 7 "“EXT 
Convergent  nozzle  section  length.  (Figure  3) 

SlZ, 


= ^1  ^NZ 
'CV  1 WATH 


Transition  nozzle  section  length.  (Figure  4) 

Srz™  * Rc„„  s1"(9nz) 


TR 


TR 


Conic  nozzle  section  length.  (Figure  5) 

r ( nzext  nztr) 

CN  ’ Ztanf  NZ) 


'NZ 


Body  nozzle  section  length.  (Figure  2) 


'NZbdy  * 


cv  n/,tr 


Divergent  nozzle  section  length.  (Figure  2) 


kNZ^,,  = HiZ 


+ L 


DV 


TR 


NZ 


CN 


Total  nozzle  length.  (Figure  2) 


= hiZ  + L 


NZ 


cv  nzdv 


Buried  nozzle  section  length.  (Figure  2) 

Hjzb  = klnzb  Sjz 


(15) 


(16) 


(17) 


(18) 


(19) 


(20) 


(21) 


(22) 


U 
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EQUATIONS  (Cont,  ): 


Protruding  nozzle  section  length.  (Figure  2) 

HiZp  = Sjz  " Hjzb 


Buried  nozzle  length  ratio. 


RLNZB  = 


"NZ 


B 


"NZ 


Protruding  nozzle  length  ratio. 


LNZP  - 


(23) 


(23-a) 


(23-b) 


Length  buried  in  convergent  nozzle  section,  (Positive  sense  towards 
entrance. ) (Figure  4) 


( 


LnZBCV  LnZCV 


- L 


NZ 


B 


(24) 


Length  buried  in  transition  nozzle  section.  (Positive  sense  towards  exit.  ) 
(Figure  4) 


JNZ 


BTR 


NZ 


- L 


B 


NZ 


CV 


(25) 


Length  buried  in  conic  nozzle  section.  (Positive  sense  towards  exit,  ) 
(Figure  5) 


Lnzbcn  Lnzb  "nzbdy 


*(26) 


Buried  nozzle  diameter  evaluation: 


If  the  buried  nozzle  plane  is  within  the  convergent  nozzle  section,  (Figure  3) 


D 


NZ 


= D 


B 


NZ 


TH 


(R< 


'CV 


"NZ 


BC  V / 


(27) 
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EQUATIONS  (Cont. ): 

If  the  buried  nozzle  plane  la  within  the  transition  nozzle  section,  (Figure  4) 

DNZB  = dnzth  + 2 (RCTR  - yJRlTR  - lnzbtr) 

(28) 

If  the  buried  nozzle  plane  is  within  the  conic  nozzle  section, 

(Figure  5) 

DNZb  = DNZTR  * 2 lnzbcn  ,an  Nz) 

(29) 

Associative  Quantities.  The  following  quantities  Are  intended  solely  for 
optional  utilization  by  the  program  user,  (Their  primary  usage  within  this 
model  is  for  forming  constraint  quantities. ) 

qdb  = kqdb  dnzd 

(30) 

qdent  = kqden  dnzent 

(31) 

qdext  = kqdex  dnzext 

(32) 

°LNZ  = kql  Hjz 
QLB  = KQLB  H^Zg 

qdth  = kqdth  dnzth 


(33) 

(34) 

(35) 
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Fig.  170,1-4  Conical  Nozzle,  Transition  Section 
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INPUT  DATA,  INTRA-MODEL; 

The  following  data  is  input  directly  to  this  model  by  the  program  user,  If  a 
value  is  not  input,  the  preset  value  is  used, 


Mnemonic 


Symbol 


Description;  Ext.  (Int. ) Units 


Preset 


CNZ1 


CNZ2 


Proportionality  factor  relating  convergent 
nozzle  section  length  to  nozzle  throat 
diameter; 

N.  D.  .4 

Proportionality  factor  relating  the  radius 
of  curvature  of  the  convergent  nozzle 
section  contour  to  the  nozzle  throat  diameter; 

N.  D.  1 


CNZ3 


KQDNZB 


KQDNZEN 


KQDNZEX 


KQDNZTH 


KQLNZB 


KQLNZ 


QDB 


QDEN 


QDEX 


QDTH 


X2LB 


Proportionality  factor  relating  the  radius  of 
curvature  of  the  transition  nozzle  section 
contour  to  the  nozzle  throat  diameter; 

N.  D.  .2 

Associative  quantity  coefficient  for 
QDNZB  computation; 

N.  D.  0 

Associative  quantity  coefficient  for 
QDNZENT  computation; 

N.  D.  0 

Associative  quantity  coefficient  for 
QDNZEXT  computation; 

N.  D.  0 

Associative  quantity  coefficient  for 
QDNZTH  computation; 

N.  D.  0 

As  sociative  quantity  coefficient  for 
QLNZB  computation; 

N.  D.  0 

Associative  quantify  coefficient  for 
■QLNZ  computation; 

N.  D.  0 


170.  1-12 


NOZZLEG  NOZZLE  GEOMETRY  NZGM1 

INPUT  DATA,  INTRA-MODEL  (Cont.  ): 


KLNZB 

klnzb 

Proportionality  factor  relating  buried  nozzle 
length  to  total  nozzle  length; 

N.  D.  0 

NZHA 

*NZ 

Nozzle  half  angle; 

deg  Figs.  2,  4,  5 0 

RAEXTTH 

*NZ 

Nozzle  expansion  ratio  at  nozzle  exit  plane. 
Ratio  of  nozzle  exit  area  to  nozzle  throat  area; 

N.  D.  0 

I 

J 

* 


I 

) 

I 

i 


INPUT  DATA,  INTER-MODEL: 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 

Symbol 

Description;  Ext.  (Int. } Units 

Model  Type 

CVDELV 

C* 

Delivered  characteristic  velocity; 

ft/sec 

IBGAS 

DWPPMT 

WpPMT 

Propellent  weight  flow; 
lt/sec 

IBPERF 

PCHAVG 

PAVG 

Average  chamber  pressure; 
PSIA 

IBGAS 

OUTPUT  DATA: 

The  following  data  is  output  from  this  model.  It  is  available  for 
model  input  to  other  models  a, id  to  print,  plot,  and  optimization 

use  as  inter- 
routines. 

Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

ANZENT 

\z 

1N^ENT 

Nozzle  entrance  area; 

. 2 
in 

Eq.  13 

ANZEXT 

in^ext 

Nozzle  exit  area; 

. 2 
in 

Eq.  15 

170.  1-13 


NOZZLEG 


NOZZLE  GEOMETRY 


NZGM1 


OUTPUT  DATA  (Cont. ): 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

ANZTH 

^TH 

Nozzle  throat  area; 

. 2 
in 

Eq.  1 

ANZTR 

^TR 

Nozzle  transition  area; 
in2 

Eq.  14 

DNZB 

dnzb 

Buried  nozzle  diameter.  Nozzle  diameter 
measured  at  buried  nozzle  plane; 

in  Figs.  3,  4,  5 Eqs.27, 

28,  29 

DNZENT 


DNZEXT 


DNZTH 


DNZTR 


K DNZENT 


KDNZTR 


LNZ 


Hn; 


'ENT 


NZ 


EXT 


NZ 


TH 


'NZ 


TR 


K 


DENT 


K 


DTR 


Hj; 


Nozzle  entrance  diameter.  Diameter  of 
nozzle  measured  at  nozzle  entrance  plane; 

in  Fig.  3 Eq.  1 0 

Nozzle  exit  diameter.  Diameter  of  nozzle 
measured  at  nozzle  exit  plane; 

in  Fig.  5 Eq.  12 

Nozzle  threat  diameter.  Diameter  of  nozzle 
n.easured  at  nozzle  throat  plane; 

in  Fig.  2 Eq,  2 

Nozzle  transition  diameter.  Diameter  of 

nozzle  measured  at  transition  plane  separating 
transition  and  conic  sections; 

in  Fig,  4 Eq.  11 

Proportionality  factor  relating  nozzle 
entrance  diameter  to  nozzle  throat  diameter; 

N.  D.  Eq.  3 

Proportionality  factor  relating  nozzle 
transition  diameter  to  nozzle  throat  diameter; 

N.  D.  Eq.  4 

Total  nozzle  length.  Distance  from  nozzle 
entrance  plane  to  nozzle  exit  plant; 

in  Fig.  2 Eq.  21 
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NOZZLE  GEOMETRY 
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OUTPUT  DATA  (Cont.  ): 


Mnemonic 

LNZB 

LNZBCN 


Symbol 

Hjz, 


'B 


He 


BCN 


LNZBCV 


Hi; 


' BCV 


LNZBDY 


LNZBTR 


LNZCN 


LNZCV 


LNZDV 


Hi; 


BDY 


Hi; 


'BTR 


Hi; 


■CN 


N Z 


CV 


Hi; 


'DV 


Description;  Ext.  (Int.  ) Units 

Buried  nozzle  section  length.  Distance  from 
nozzle  entrance  plane  to  nozzle  buried  plane; 

in  Pig.  2 Eq.  22 

Length  buried  in  conic  nozzle  section. 
Distance  from  nozzle  transition  plane  to 
nozzle  buried  plane.  (Positive  sense 
towards  exit); 

in  Fig.  5 Eq.  26 

Length  buried  in  convergent  nozzle  section. 
Distance  from  nozzle  throat  plane  to  nozzle 
buried  plane.  (Positive  sense  towards 
entrance); 

in  Pig.  3 Eq.  24 

Body  nozzle  section  length.  Distance  from 
nozzle  entrance  plane  to  nozzle  transition 
plane; 

in  Fig,  l Eq.  19 

Length  buried  in  transition  nozzle  section. 
Distance  from  nozzle  throat  plane  to  nozzle 
buried  plane.  (Positive  sense  towards  exit); 

in  Eq.  25 

Conic  nozzle  section  length.  Distance  from 
nozzle  transition  plane  to  nozzle  exit  plane; 

in  Pig-  5 Eq.  18 

Convergent  nozzle  section  length.  Distance 
from  nozzle  entrance  plane  to  nozzle  throat 
plane; 

in  Pig.  3 Eq.  16 

Divergent  nozzle  section  length.  Distance 
from  nozzle  throat  plane  to  nozzle  exit  plane 

Fig.  2 Eq.  20 


in 


NOZZLE  GEOMETRY 


NZGM1 


OUTPUT  DATA  (Cont.  h 


Mnemonic 


Symbol 


Description;  Ext.  (Int. ) Units 


LNZP 


LNZTR 


QDNZEXT 


QDNZTH 


QLNZ 


QLNZB 


RATRTH 


HlZ, 


QDNZB 


QDNZENT  Qdent 


'dext 


'DTH 


Protruding  nozzle  section  length.  Distance 
from  nozzle  buried  plane  to  nozzle  exit  plane; 


Fig.  2 


Eq.  23 


Transition  nozzle  section  length.  Distance 
from  nozzle  throat  plane  to  nozzle  transition 
plane; 

in  Fig.  4 Eq.  17 

Associative  quantity,  buried  nozzle  diameter. 
{See  DNZB); 

in  Eq.  30 

Associative  quantity,  nozzle  entrance 
diameter.  (See  DNZENT); 

in  Eq.  31 

Associative  quantity,  nozzle  exit  diameter. 
(See  DNZEXT); 

in  Eq.  32 

Associative  quantity,  nozzle  throat  diameter. 
(See  DNZTH); 

in  Eq.  35 

Associative  quantity,  total  nozzle  length. 

(See  LNZ); 

in  Eq.  33 

Associative  quantity,  buried  nozzle  length. 
(See  LNZB); 

in  Eq.  34 

Expansion  ratio  at  transition  plane.  Ratio 
of  nozzle  transition  area  to  nozzle  throat 
area; 


N.  D. 


Eq.  6 
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OUTPUT  DATA  (Cont,  ): 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


RCNZCV 


RCNZTR 


RDEXTTH 


RDTRTH 


RLNZB 


RLNZP 


R, 


' CV 


'TR 


R 


DEXTTH 


R 


DTRTH 


R 


LNZB 


R 


LNZP 


Radius  of  curvature,  convergent  nozzle 
section  contour; 

in  Eq.  8 

Radius  of  curvature,  transition  nozzle 
section  contour; 

in  Eq.  9 

Ratio,  nozzle  exit  diameter  to  nozzle 
throat  diameter; 

N.  D.  Eq.  7 

Ratio,  nozzle  transition  diameter  to  nozzle 
throat  diameter; 

N.  D.  Eq.  5 

Buried  nozzle  length  ratio.  Ratio  of  buried 
nozzle  section  length  to  total  nozzle  length; 

N.  D.  Eq.  23-a 

Protruding  nozzle  length  ratio.  Ratio  of 
protruding  nozzle  section  length  to  total 
nozzle  length; 

N.  D.  Eq.  23-b 
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180.  1 


MODEL  TYPE:  NOZZLEW  {NOZZLE  Weight) 

MODEL  NAME:  NZWM1  {Single,  Ablative,  Parametric  Scaling) 


DESCRIPTION: 

NZWM1  (NoZzle  Weight  Model  number  1)  utilizes  parametric  weight  scaling 
equations- to~cietermine  tKe  weight  of  a s"olid  rocket  motor  fixed  or  gimballed 
nozzle.  A detailed  description  of  both  the  equations  and  parametric  scaling 
rationale  may  be  found  in  reference  8. 

The  model  is  applicable  for  performance  parameters  within  the  following 
limits 

15  < NZHA  < 30  deg 
300  < PCHAVG  < 1000  psia 
5 < RAEXTTH  < 75 
30  < TBPPMT  < 140  sec 
500  < WPPMT  < 2,000,000  1b 

where  NZHA  is  associated  with  the  NOZZLEG  model  type  and  the  remaining 
quantities  are  defined  in  the  Input  Data,  Inter-Model  section  below. 

PROCEDURE: 

Prior  to  entering  NZWM1,  the  models  specified  by  the  IBGAS  and  IBPERF 
model  types  have  evaluated  the  gas  and  performance  properties  of  the 
propellent,  and  the  model  specified  by  the  NOZZLEG  model  type  evaluated 
the  nozzle  geometry.  The  nozzle  weight  penalty  due  to  gimballed  or  other 
thrust  vector  control  systems  has  been  determined  by  the  model  specified 
for  the  T VCW  model  type. 

The  NZWM1  model  is  then  executed  and  the  nozzle  weight  is  evaluated  using 
a parametric  weight  scaling  equation.  The  expended  weights,  due  to  ablation 
during  thrusting,  are  also  computed. 

After  leaving  NZWM1,  the  remaining  component  weights  of  the  motor  are 
evaluated.  The  NZWM1  output  data  will  then  be  used  by  the  models  specified 
by  the  SUBSTGW  and  PROPUL  model  types  to  evaluate  the  substage  weights 
and  propulsion  characteristics. 


180.  1-1 


NOZZLEW 


NOZZLE  WEIGHT 


NZWM1 


EQUATIONS: 


Total  nozzle  weight. 

WNZ  = KWNZ  KTVNZ  C1 


Total  expended  nozzle  weight  component. 


WNZX  = KWNZX  C8 


(PAVG  TB 


) 


W 


NZ 


Expended  (non-thrusting  producing)  nozzle  weight  component. 
WNZXI  = KWNZXI  WNZx 


(1) 

(2) 

(3) 


Expended  (thrust  producing)  nozzle  weight  component. 


W 


NZ 


XT 


0 


Total  non-expended  nozzle  weight  component. 
WNZnx  = KWNZNX  (WNZ  " WNZX) 

INPUT  DATA.  INTRA-MODEL: 


(4) 

(5) 


The  following  data  is  input  directly  to  this  model  by  the  program  user.  If  a 
value  is  not  input,  the  preset  value  is  used. 


Mnemonic 

Symbol 

Description:  Ext.  (Int.  ) Units  Preset 

CNZW1 

C1 

Scaling  constant  for  WNZ  computation; 

N.  D.  0.  0000772 

130.  1-2 


NOZZLEW 


NOZZLE  WEIGHT 


NZWM1 


i, 

INPUT  DATA, 

Mnemonic 

CNZW2 

CNZW3 

CNZW4 

CNZW5 

CNZW6 

CNZW7 

t 

CNZW8 

CNZW9 

KWNZ 

KWNZNX 

KWNZX 

KWNZ  XI 


INTRA-MODEL  (Cont.  ): 


Symbol 

C, 


Description;  Ext.  (Int.  ) Unite 


Preset 


C, 


K 


WNZ 


K 


K 


WNZNX 


WNZX 


K 


WN7.X1 


Scaling  constant  for  WNZ  computation; 

N.  D.  1.2 

Scaling  constant  for  WNZ  computation; 

N.  D.  0.  7 

Scaling  constant  for  WNZ  computation; 

N.  D.  0. 8 

Scaling  constant  for  WNZ  computation; 

N.  D.  0.  6 

Scaling  constant  for  WNZ  computation; 

N.  D.  0.  4 

Scaling  constant  for  WNZ  computation; 

N.  D.  0.916 

Scaling  constant  for  WNZX  computation; 

N.  D.  0.  00032 

Scaling  constant  for  WNZX  computation; 

N.  D.  0.  5 

Proportionality  factor  ior  total  nozzle  weight; 

N.  D.  1 

Proportionality  factor  for  nozzle  non-expended 
weight  component; 

N.  D.  1 

Proportionality  factor  for  total  expended  nozzle 
weight  component; 

N.  D.  1 

Proportionality  factor  for  non-thrust  producing 
component  of  expended  nozzle  weight; 


N.  D. 


1 
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INPUT  DATA,  INTER-MODEL; 


This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Model  Type 

CVDELV 

C* 

Delivered  characteristic  velocity; 

ft/sec 

IBGAS 

KTVNZ 

ktvnz 

Thrust  vector  control  factor; 
N.  D. 

TVCW 

PCHAVG 

PAVG 

Average  chamber  pressure; 
psla 

IBGAS 

RAEXTTH 

*NZ 

Nozzle  expansion  ratio; 
N.  D. 

NOZZLEC 

TANNZHA 

tan  ( 0 ) 

Tangent  of  nozzle  half  angle; 
N.  D. 

NOZZLEG 

TBPPMT 

tb 

Propellent  burn  time; 

sec 

IBFERF 

WPPMT 

Wpp 

Propellent  weight; 
lb 

PROPELW 

OUTPUT  DATA: 

The  following  data  is  output  from  this  model.  It  is  available  for 
model  input  to  other  models  and  to  print,  plot,  and  opi  ■ nation 

use  as  inter- 
routines. 

Mnemonic 

Symbol 

Description;  Ext.  (Int,  ) Units 

WNZ 

WNZ 

Total  nozzle  weight; 
lb 

Eq.  1 

k 
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Nominally,  only  those  lines  with  an  asterisk  to  the  left  of  the  line  number  will  be 
printed.  By  input,  any  of  the  lines  given  below  may  le  printed  or  suppressed 
{see  the  section  on  output  models  for  the  details). 


NOZZLEW 


NOZZLE  WEIGHT 


NZWM1 


s 


S'  S’ 
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( 


t 

c/ 


190. 1 


MODEL  TYPE: 


PAYLODG  (PAYLOaD  Geometry) 


MODEL  NAME: 


PAGM1  (Single.  Simple  Payload) 


DESCRIPTION: 


PAGM1  (Payload  geometry  ^odel  number  l)  evaluates  the  geometry  for  a 
aimple  single  payload  which  may  be  defined  in  terms  of  its  length  and  base 
diameter.  See  figure  1 and  the  figure  associated  with  the  model  used  as  the 
top  interstage  (INTSTGG  model  type)  for  an  appreciation  of  the  pertinent 
geometry. 


i < 


PROCEDURE: 

Prior  to  entering  PAGM1,  all  of  the  solid  rocket  motor  substages  have 
been  sized. 

PAGM1  then  determines  both  the  basic  payload  geometry  and  the  payload 
requirements  for  interstage  design. 

After  PAGM1  is  executed,  the  interstages  will  be  sized.  The  top  Interstage 
for  the  propulsion  system  will  use  PAGM1  output,  together  with  the  geometry 
of  the  top  substage  in  the  propulsion  system,  to  determine  its  design  require- 
ments, After  all  of  the  interstages,  stages,  and  the  propulsion  system  have 
been  sized,  the  payload  geometry  is  used  for  sizing  the  payload  section  and 
shroud, 


EQUATIONS: 

Total  payload  length. 

+ L 


LPA  ■ lpa 


SF  PAB  * LpASA 


(1) 


Payload  cross-sectional  area. 


APA  8 


PA 


(2) 


190.  1-1 


PAYLODG 


PAYLOAD  GEOMETRY 


PAGM1 


(3) 

(4) 


190.  1-2 


PAYLODG 


PAYLOAD  GEOMETRY 


PAGM1 


NOTE:  The  conical  payload  is  for  illustration  only. 

The  payload  geometry  is  defined  by  the 
center  line  lengths  and  Dp^ 


Fig.  190.1-1  Payload  Geometry 
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INPUT  DATA,  INTRA-MODEL: 


The  following  data  is  input  to  this  model  directly  by  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 


Mnemonic 


DPAA 


LPAB 


LPASA 


LPASF 


Symbol 
D, 


PA 


A 


'PA 


B 


'PA 


'PA 


SA 


SF 


Description;  Ext.  (Int.  ) Units 


Preset 


Payload  base  (i.  e.  , aft)  diameter,  required 
for  defining  the  aft  interstage  attachment; 

in  0 

Basic  prvload  length  component; 


in 

Payload  aft  spacing  distance; 
in 


0 


0 


Payload  forward  spacing  diatance; 
in  0 


INPUT  DATA,  INTER -MODEL: 


This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra -model  input. 

Mnemonic  Symbol  Description;  Ext,  (Int.  ) Units Model  Type 

None 


OUTPUT  DATA: 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

A PA 

apa 

Payload  cross-sectional  area; 
in2 

Eq.  2 

190.  1-4 


1 


Ww*  b 


fe.' 

1 


PAYLODG 


OUTPUT  DATA  (Cont.  ): 


Mnemonic 


DSSITA 


LPA 


LSSITA 


Symbol 
D, 


SS 


ITA 


'PA 


JSS 


ITA 


PAYLOAD  GEOMETRY 


PAGM1 


Description;  Ext.  (Int.  ) Units 


Payload  aft  diametet  for  interstage  attachment; 
in  Eq.  3 

Total  payload  length; 

in  Eq.  1 

Length  of  interstage  required  for  the  payload; 
in  Eq.  4 
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200.  I 


MODEL  TYPE:  PAYLODW  (PAYLOaD  Weight) 

MODEL  NAME:  PAWM1  (Direct  Input) 


DESCRIPTION: 

PAWMl  (PAyload  Weight  Model  number  _l)  is  a simple  payload  weight 
model  for  which  the  payload  weight  is  input  directly  by  the  program  user. 

Note  that  the  payload  weight  does  N OT  normally  include  the  weight  of 
the  shroud,  payload  adapter,  etc. 


PROCEDURE: 


Prior  to  entering  PAWMl,  the  substages  have  been  sized  and  the  model 
specified  for  the  PAYLODG  model  type  has  evaluated  the  payload  geometry. 

PAWMl  then  defines  the  payload  weight. 

After  leaving  PAWMl,  the  interstages,  stages,  and  propulsion  system  are 
sized.  The  model  specified  for  the  PAYSECW  model  types  then  uses  the 
payload  weight,  together  with  the  shroud  weight,  etc.  , to  determine  the 
payload  section  weight. 


EQUATIONS: 

Total  payload  weight. 

W = K W 

PA  aWPA  w PAY LOD 


Total  non-expended  payload  weight  component. 


W 


panx 


W 


PA 


Total  expended  payload  weight  component. 


= 0 


(1) 


(2) 


(3) 
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PAYLOAD  WEIGHT 
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EQUATIONS  (Cont.  ): 

Expended  (thrust  producing)  payload  weight  component. 


W 


PA 


= 0 


XT 


Expended  (non>thrust  producing)  payload  weight  component. 


W 


PA 


= 0 


XI 


<4) 


(5) 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  to  this  model  directly  by  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 


Mnemonic 

Symbol 

Description;  Ext.  (I  nt.  ) Units 

Preset 

KWPA 

KWPA 

Coefficient  for  WPA  computation; 
N.  D. 

1 

WPAYLOD 

W PA  Y LOD 

Payload  weight  input  by  user; 
lb 

0 

INPUT  DATA,  INTER-MODEL; 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Description;  Ext.  (Int.  ) Units  Model  Type 


Mnemonic  Symbol 

None 

OUTPUT  DATA; 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model  input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


200.  U2 


PAYLODW 

OUTPUT  DATA 

Mnemonic 

WPA 

WPANX 

W PAX 

V/PAXI 

WPAXT 


PAYLOAD  WEIGHT 


PAWM1 


(Cont.  ): 


Symbol 

WPA 


W 


W 


w 


w 


PA 


NX 


PA, 


PA 


XI 


PA 


XT 


Description;  Ext.  (Int.  ) Units 


Total  payload  weight; 
lb 


Eq.  1 


Total  non-expended  payload  weight  component 
lb  Eq.  2 

Total  expended  payload  weight  component; 
lb  Eq.  3 

Expended  (non-thrust  producing)  payload 
weight  component; 

lb  Eq.  5 

Expended  (thrust  producing)  payload 
weight  component; 


lb 


Eq.  4 


PAY  LODW 


PAYLOAD  WEIGHT 
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200.  1-4 


PROPUL 


PROPULSION  CHARACTERISTICS 


PCMI 


210.  1 

MODEL  TYPE:  PROPUL  (PROPULsion  Characteristics) 

MODEL  NAME:  PCMI  (Constant  Thrust,  Single  Engine) 

DESCRIPTION: 

PCMI  (Propulsion  Characteristics  Model  number  \)  evaluates  the  thrust 
and  weight  flow  breakdown  for  a single  constant  thrust  solid  rocket  engine. 
The  engine  is  comprised  of  the  following  subsystems: 

Motor 

Nozzle 

In  addition  to  the  thrust  derived  from  the  propellent,  thrust  components 
associated  with  the  following  subsystem  expended  weight  components  are 
evaluated. 

Internal  insulation 
Thrust  vector  control 
Nozzle 


PROCEDURE: 

Prior  to  executing  PCMI,  the  model  specified  for  the  IflPt  '.IF  model  type 
has  determined  the  propellent  weight  flow,  burn  time  and  specific  impulse. 
The  model  specified  for  the  NOZZLEC  model  type  has  determined  the 
nozzle  exit  area  and  the  models  specified  for  the  NOZZLEW  and  MOTORW 
model  types  have  broken  down  the  principle  subsystem  weight  into  expended 
components. 

PCMI  is  then  executed  and  the  expended  subsystem  weights  are  used  to 
determine  the  inert  and  thrust  producing  weight  flow  components.  These 
weight  flow  components  are  then  used,  together  with  the  required  specific 
impulses,  to  determine  the  vacuu  nrust  components.  Finally,  the  vacuum 
thrust  components  are  summed  am,  the  total  engine  vacuum  thrust  and 
sea-level  thrust  degradation  t;re  evaluated. 


210.  I -1 


PROPUL 


PROPULSION  CHARACTERISTICS 


PC  Ml 


PROCEDURE  (Cont.  ): 

After  PCM1  is  executed,  the  remaining  aubatagea  are  aized  and  the 
propulsion  characteristics  for  each  engine  within  the  vehicle  are  evaluated. 
After  the  entire  vehicle  is  sized,  the  PCM1  output  data  is  input  to  the 
applicable  weight  and  propulsion  model  for  the  mission  simulation.  See 
REMARKS. 


EQUATIONS: 


Expended  motor  weight  flow,  excludes  propellent. 
W, 


w 


MT, 


MT, 


T 


B 


W 


W 


MT 


XT 


MT 


XT 


B 


Expended  (non-thrust  producing)  motor  weight  flow  component. 
W. 


W 


MT 


XI 


MT 


XI 


B 


Expended  nozzle  weight  flow. 

W. 


W 


NZ, 


NZ, 


B 


Expended  (thrust  producing)  nozzle  weight  flow  component. 

W. 


w 


NZ 


XT 


NZ 


XT 


B 


Expended  (non-thrust  producing)  no/szle  weight  flow  component. 


w 


NZ 


XI 


NZ 


XI 


B 


(1) 


Expended  (thrust  producing)  motor  weight  flow  component,  excludes 
propellent. 


(2) 


(3) 


(4) 


(5) 


(6) 


210.  1-2 


PROPUL 


PROPULSION  CHARACTERISTICS 


PC  Ml 


EQUATIONS  (Cont.  ): 


Weight  flow  associated  with  expended  (thrust  producing)  internal 
insulation. 


W 


W 


IN 


XT 


IN 


XT 


B 


Weight  flow  associated  with  expended  (thrust  producing)  thrust  vector  control 
system  material. 


W 


W 


TV 


XT 


TV, 


(8) 


XT  4B 

Thrust  producing  engine  weight  flow  component.  (Includes  propellent); 

(9) 


^ENT  = kdwent  *WPP  + WMTXT  + ^Z^ 


Inert  (non-thrust  producing)  engine  weight  flow  component. 


W = K„,lfC,„T  (Ww*  +W 


EN, 


DWENI  4 MT, 


ivi  j. 

Total  engine  weight  liow. 


NZ 


XI 


w_,  = Kdwen  (W£N^  + W£N^) 


EN 


Vacuum  thrust  component  associated  with  the  propellent. 

FVpp  = kfvpp  !SPvd  wpp 


(10) 


(11) 


(12) 


Vacuum  thrust  component  associated  with  expended  (thrust  producing) 
internal  insulation. 


V = ^FVIN  ^SP  WIN 
V IN  ' S IN  11NXT 


(13) 


PROPUL 


PROPULSION  CHARACTERISTICS 


PC  Ml 


EQUATIONS  (Cont. ): 

Vacuum  thrust  component  associated  with  expended  (thrust  producing) 
thrust  vector  control  material. 


'vTV  = KFVTV  XSPTy  WTVxt 


(14) 


Vacuum  thrust  component  associated  with  expended  (thrust  producing) 
nozzle  material. 


fvnz  = kfvnz  1spn2  wnzxt 


(15) 


Engine  vacuum  thrust. 

FV  s kfvfn  <fv  + fv  + fv  + fv  ) 

VLN  *vr,ni  vpp  vJN  vTV  vNZ 


(16) 


Engine  thrust  degradation  due  to  atmospheric  pressure. 


AFEN  = KDELFEN  C1  ANZ 


EXT 


(17) 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  to  this  model  directly  by  the  program  user.  If  a 
value  is  not  input,  the  preset  value  is  used. 


Mnemonic 


CPC1 


Symbol 

C1 


Description;  Ext,  (Int. ) Units 


Preset 


Constant  for  DELFEN  computation. 
Corresponds  to  atmospheric  sea-level 
pressure; 

14.  695972 


lb/ (in*1) 


KDELFEN 


K 


DELFEN 


Coefficient  for  DELFEN  computation; 

N.  D.  1 


KDWEN 


K 


DWEN 


Coefficient  for  DWEN  computation; 
N.  D. 


210. 1-4 


PROPUL 


PROPULSION  CHARACTERISTICS 


PCM1 


INPUT  DATA,  INTRA-MODEL  (Cont. ): 


Mnemonic 

Symbol 

Description;  Ext.  (Int. ) Units 

Preset 

KDWENI 

KDWENI 

Coefficient  for  DWENI  computation; 
N.  D. 

1 

KDWENT 

kdwent 

Coefficient  for  DWENT  computation; 
N.  D. 

1 

KFVEN 

kfven 

Coefficient  for  FVEN  computation; 
N.  D 

1 

KFVIN 

kfvin 

Coefficient  for  FVIN  computation; 
N.  D. 

1 

KFVNZ 

kfvnz 

Coefficient  for  FVNZ  computation; 
N.  D. 

1 

KFVPP 

kfvpp 

Coefficient  for  FVPP  computation; 
N.  D. 

1 

KFVTV 

kfvtv 

Coefficient  for  FVTV  computation; 
M.  D. 

1 

IS  PIN 

'3Pin 

Specific  impulse  of  expended  (thrust  producing) 
internal  insulation  material; 

sec 

0 

ISPNZ 

‘3PNZ 

.Specific  Impulse  of  expended  (thrust  producing) 
norule  material; 

sec 

0 

ISPTV 

'SPTV 

Specific  impulse  of  expended  (thrust  producing) 
tlirust  vector  control  material; 

sec 

0 

210.  1-5 


PROPUL 


PROPULSION  CHARACTERISTICS 


PCM1 


INPUT  DATA,  INTER-MODEL: 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 


ANZEXT 


DWPPMT 


Symbol 
A. 


NZ 


EXT 


W 


PP 


MT 


Description;  Ext.  (Int.  ) Units Model  Type 


Nozzle  exit  area; 

. 2 
in 

Propellent  weight  flow; 
lb/ sec 


NOZZLEG 


IBPERF 


ISP  VP 


lSP 


VD 


Vacuum  delivered  specific  imp  Use; 

sec  IBPERF 


TBPPMT 


B 


Propellent  burn  time; 
sec 


IBPERF 


WINXT 


WMTX 


WMTXI 


WMTXT 


WNZX 


WNZXI 


W 


IN 


XT 


WMT, 


W 


w 


w 


MT 


XI 


MT 


XT 


NZ, 


W 


NZ 


XI 


Expended  (thrust  producing)  internal 
insulation  weight  component; 

lb  INTINSW 

Total  expended  motor  weight  component; 
lb  MOTOR  W 

Expended  (non-thrust  producing)  motor 
weight  component; 

lb  MOTOR  W 

Expended  (thrust  producing)  motor  weight 
component; 

lb  MOTOR  W 

Total  expended  nozzle  weight  component; 
lb  NOZZLEW 

Expended  (non-thrust  producing)  nozzle 
weight  component; 


lb 


NOZZLEW 


210,  1 - 0 


PROPUL 


PROPULSION  CHARACTERISTICS 


PCM1 


INPUT  DATA,  INTER -MODEL  (Cont.  ): 


Mnemonic  Symbol 


Description;  Ext.  (Int.  ) Units Model  Type 


WNZXT 


W 


TV 


XT 


W 


NZ 


XT 


W 


TV 


XT 


Expended  (thrust  producing)  nozzle  weight 
component; 

lb  NOZZLEW 

Expended  (thrust  producing)  thrust  vector 
control  weight  component; 

lb  TVCW 


OUTPUT  DATA: 


The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model  input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic  Symbol 


Description;  Ext.  (Int.  ) Units 


DELFEN  dF£N 


DWEN 


DWENI 


DWENT 


WEN 


went 


DWINXT 


W 


IN 


XT 


Engine  sea-level  thrust  degradation. 

DELFEN  corresponds  to  DELF  in  the 
trajectory  simulation  models; 

lb  Eq.  17 

Total  engine  weight  flow.  Includes 
propellent,  motor,  and  nozzle  weight  flow; 

lb/sec  Eq.  11 

Inert  (non-thrust  producing)  engine  weight 
flow  component  (includes  motor  and  nozzle); 

lb/sec  Eq.  10 

Thrust  producing  engine  weight  flow  component. 
(Includes  propellent,  motor,  and  nozzle.  ) 
DWENT  corresponds  to  DWVAC  in  the 
trajectory  simulation  models; 

lb/  sec  Eq.  9 

Motor  weight  flow  associated  with  expended 
(thrust  producing)  internal  insulation  material; 

lb/  sec  Eq.  7 


PROPUL 


PROPULSION  CHARACTERISTICS 


PCM1 


OUTPUT  DATA 

Mnemonic 

DWMTX 

DWMTXI 

DWMTXT 

DWNZX 

DWNZXI 

DWNZXT 

DWTVXT 

FVEN 

FVIN 


(Cont, ): 


V > 


Symbol  Description;  Ext.  (Int. ) Unite 


W 


MT 


X 


w 


MT 


XI 


W 


MT 


XT 


W, 


NZ, 


W, 


NZ 


XI 


w 


NZ 


XT 


W 


TV 


XT 


EN 


Expended  motor  weight  flow.  Exclude* 
propellent  and  nozzle; 

lb/sec  Eq.  1 

Expended  (non-thrust  producing)  motor  weight 
flow  component,  exclude*  nozzle; 

lb/aec  Eq.  3 

Expended  {thrust  producing)  motor  weight 
flow  component.  Exclude*  propellent  and 
nozzle; 

lb/aec  Eq.  2 

Expended  nozzle  weight  fl'tw; 

lb/sec  Eq.  4 

Expended  {non-thruet  producing)  nozzle  weight 
flow  component; 

lb/ sec  Eq.  6 

Expended  (thrust  producing)  nozzle  weight 
flow  component; 

lb/sec  Eq.  5 

Motor  weight  flow  associated  with  expended 
(thrust  producing)  thrust  vector  control  system 
material; 

lb/sec  Eq.  R 

Total  engine  vacuum  thrust,  FVEN 
corresponds  to  FVAC  in  the  trajectory 
simulation  models; 

lb  Eq.  16 

Vacuum  thrust  componont  associated  with  the 
expended  (thrust  producing)  internal 
insulation  material; 

lb  Eq.  13 


210.  1-8 


PROPUL 


PROPULSION  CHARACTERLSTICS 


PCMl 


OUTPUT  DATA  (Cont.  ): 

Mnemonic  Symbol 

FVNZ  Fv 

VNZ 


FVPP  Fv 

Vpp 


FVTV  Fv 

vTV 


Description;  Ext.  (Int.  ) Units 

Vacuum  thrust  component  associated  with  the 
expended  (thrust  producing)  nozzle  material. 
Note  that  this  is  not  associated  with  the  nozzle 
half  angle  divergence  loss; 

lb  Eq.  15 

Vacuum  thrust  component  associated  with  che 
propellent; 

lb 

Vacuum  thrust  component  associated  with  the 
expended  (thrust  producing)  thrust  vrctor 
control  system  material; 

lb 


Eq.  14 


210.  1-10 


PAYLOAD  SECTION  GEOMETRY 


PLGM1 


I 4WTr*^V^tC»:SWr.«»'S«»i 


PAYSECG 


220.  1 

MODEL  TYPE:  PAYSECG  (PAYload  SECtion  Geometry) 

MODEL  NAME:  PLGM1  (Single  Payload,  No  Shroud  Geometry) 


DESCRIPTION: 

PLGM1  (Pay Load  section  Geometry  Model  number  1)  evaluates  the  geometry 
for  a simple  payload  section  comprised  of  a single  payload  without  shroud 
geometry.  Although  provision  is  made  for  defining  a payload  section  length 
bias,  Intra-Model  Input  is  not  normally  required  for  this  model.  See  figure  1 
and  the  figures  associated  with  the  payload  model  utilized  (PAYLODG  model 
type)  for  an  appreciation  of  the  payload  section  geometry. 

Note  that  this  model  is  not  applicable  if  a 3hroud  geometry  model  (see 
SHROUDG  model  type)  is  utilized.  However,  this  model  may  be  used  if  a 
non-geometry  dependent  shroud  weight  model  (see  SHROUDW  model  type) 
is  used. 


PROCEDURE: 

Prior  to  entering  PLGM1,  all  vehicle  subsystems  within  the  propulsion  system 
have  been  sized  and  the  model  specified  for  the  PAYLODG  model  type  has 
determined  the  payload  geometry. 


PLGM1  then  uses  the  payload  geometry  to  determine  the  payload  section 
geometry. 

After  PLGM1  is  executed,  the  payload  section  weight  will  be  determined. 

The  total  vehicle  geometry  is  then  evaluated  using  the  payload  section  geometry 
and  propulsion  system  geometry. 


EQUATIONS: 


Payload  section  length.  Figure  1 


lpl  = lpa  + lpl*.f 


(1) 


220. 1-1 


PAYSECG 


PAYLOAD  SECTION  GEOMETRY 


EQUATIONS  (Cont.  ); 

Payload  section  diameter.  Figure  1 
°PL  = dpa. 


Payload  section  cross-sectional 

apl  = Hr)  dpl 


area. 


220.  1-2 


PAYSECG 


PAYLOAD  SECTION  GEOMETRY 


PLGM1 


J'i«.  220.  1 


i 


I 


L 


PL 


PAYLOAD 

SECTION 

A 

V 

PROPULSION 

SYSTEM 


-1  JViylo'iu  Section  Geometry 


220,  1-3 


PAYSECG 


PAYLOAD  SECTION  GEOMETRY 


PLGM1 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  to  this  model  directly  by  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 


O 


Mnemonic 


LPLSF 


Symbol 
L, 


Description  ; Ext.  (Int.  ) Units 


Preset 


'PL 


SF 


Payload  section  forward  spacing  distance; 
in  Fig.  1 0 


INPUT  DATA,  INTER -MODEL: 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 

Symbol 

Description;  Ext.  (Int. ) Units 

Model  Type 

DPAA 

DpAA 

Payload  aft  diameter; 

A 

in 

PAYLODG 

r 

LPA 

lpa 

Total  payload  length; 

r 

■ V 

in 


Fig.  1 


PAYLODG 


OUTPUT  DATA; 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter* 
model  input  to  other  models  and  to  priut,  plot,  and  optimization  routines. 


Mnemonic 

Symbol 

A PL 

APL 

DPL 

dpl 

LPL 

lpl 

Dsscrlptlon;  Ext,  (Int,  ) Units 


Payload  section  cross-sectional  arc*.; 
in  Eq.  3 

Payload  section  diameter  at  interstage 
attachment; 


in 

Payload  section  Lsngth; 
in 


Eq.  2 
Eq.  1 


220. 1-4 


PAYSECW 


PAYLOAD  SECTION  WEIGHT 


PLWM1 


230.  1 

MODEL  TYPE:  PAYSECW  (PAYload  SECtion  Weight) 

MODEL  NAME:  PLWM1  (Single  Payload,  no  Shroud) 

DESCRIPTION; 

PLWM1  (Pay Load  section  Weight  Model  number_l)  is  a weight  synthesis 
model  which  evaluates  the  weight  breakdown  for  a simple  payload  section 
comprised  of  a single  payload  without  a shroud. 


PROCEDURE- 

Prior  to  entering  PLWM1,  all  vehicle  subsystems  within  the  propulsion 
system  have  been  sized  and  the  model  specified  for  the  PAY  LCD  W model 
type  has  evaluated  the  payload  weight  breakdown. 

PLWM1  usea  the  payload  weight  breakdown  to  evaluate  the  payload  section 
weight  breakdown. 

After  PLWM1  is  executed,  the  payload  section  weight  breakdown,  together 
with  the  propulsion  system  weight  breakdown,  will  be  utilized  by  the  model 
speci'ied  lor  the  VEHW  model  type  to  determine  venirlis  weight  quantities. 


EQUATIONS; 

Total  payload  section  weight, 

WPL  " KWPL  WPA 

Total  non«expended  payload  section  weight  component. 

wplnx  " kwplnx  wpanx 

Total  expended  payload  section  weight  component. 
WPLX  " KWPLX  WPAx 


(1) 


(2) 


(3) 


230.  1 -1 


PAYSECW 


PAYLOAD  SECTION  WEIGHT 


PLWM1 


EQUATIONS  (Gont.  ): 

Expended  (non-thrust  producing)  payload  section  weight  component. 
WPLXI  “ KWPLXI  WPAxi 

Expended  (thrust  producing)  payload  section  weight  component. 
WPLxt  = KWPLXT  WPAxt 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  to  this  model  directly  by  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Unite 

Preset 

KWPL 

kwpl 

Coefficient  for  WPL  computation; 
N.  D. 

1 

KWPLNX 

kwplnx 

Coefficient  for  WPLNX  computation; 
N.  D 

1 

KWPLX 

kwplx 

Coefficient  for  WPLX  computation; 
N.  D. 

1 

KWPLXI 

K WPLXI 

Coefficient  for  WPLXI  computation; 
N.  D, 

1 

KWPLXT 

kwplxt 

Coefficient  for  WPLXT  computation; 
N.  D. 

1 

INPUT  DATA,  INTER-MODEL: 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data*  then  it  must  be  input  directly  with  the  intra-model  input. 


230.  1 -2 


E> 

% 


PAYSECW 


PAYLOAD  SECTION  WEIGHT 


PLWM1 


o-  i 


V 


INPUT  DATA.  INTER-MODEL  (Cont.  ): 


Mnemonic 


WPA 


WPANX 


WPAX 


WPA  XI 


WPAXT 


Symbol 
W, 


PA 


W 


PA 


NX 


W 


w 


w 


PA, 


PA 


XI 


PA 


XT 


Description;  Ext.  (Int.  ) Unite Model  Type 


Total  payload  weight; 
lb 


PAYLODW 


Total  non -expended  payload  weight  component; 
lb  PAYLODW 

Total  expended  payload  weight  component; 
lb  PAYLODW 

Expended  (non-thrust  producing)  payload 
weight  component; 


lb 


PAYLODW 


Expended  (thrust  producing)  payload  weight 
component; 

lb  PAYLODW 


OUTPUT  DATA: 


The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model  input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 

Symbol 

Dee~-iption;  Ext,  (Int.  ) Units 

WPL 

WPL 

Total  payload  section  weight; 
lb 

Eq. 

WPLNX 

WpLNX 

Total  non-expended  payload  section  weight 
component; 

lb 

Eq. 

WPLX 

WpLx 

Total  exprnded  payload  section  weight 
component; 

lb 

Eq. 

230,  1 -3 


PAYSECW 


PAYLOAD  SECTION  WEIOHT 


PLWM1 


OUTPUT  DATA  (Cont. ): 

Mnemonic  Symbol 

WPLXI  W gi 

PLX1 

WPLXT  Wm 

PLXT 


Deecrlptlom  Ext.  (Int. ) Unlf 

Expended  (non*thruat  producing)  peyloed 
eectlon  weight  component; 

lb  Eq.  4 

Expended  (thruet  producing)  peyloed  eectlon 
weight  component; 

lb  Eq.  5 


230. 1-4 


Nominally,  only  those  lines  with  an  asterisk  ro  the  left  of  the  line  number  will  be 
printed.  By  input,  any  of  the  lines  given  belo  may  hr  printed  or  suppressed 
(see  the  section  on  c-itput  models  for  the  details). 


PAY SECW 


PAYLOAD  SECTION  WEIGHT 


PLWM1 


o 

B 


o 

E 

& 

CO 

3 

§ 

£ 


ll 


iU 


fflWWWWfctemjMwii 


PAYLOAD  SECTION  WEIGHT  PLWM2 


PAYSECW  (PAYload  SEOtion  Weight) 
PLWM2  (Single  payload,  shroud) 


PLWM2  (PayLoad  section  Weight  Model  number  £)  is  a weight  synthesis 
model  which  evaluate’  the  payload  section  weight  breakdown.  The  model 
is  applicable  for  a payload  section  comprised  of  the  following  subsystem: 

Payload 

Shroud 


PROCEDURE: 

Prior  to  entering  PLWM2,  all  vehicle  subsystems  within  the  propulsion 
system  have  been  sized  and  the  models  specified  for  the  PAYLODW  and 
SHROUDW  model  types  have  evaluated  the  payload  and  shroud  weight 
breakdown. 

PLWM2  uses  thest  payload  and  shroud  weights  to  evaluate  the  payload 
section  weight  breakdown. 

After  PLWM2  is  executed,  the  payload  section  weight  breakdown,  together 
with  the  propulsion  system  weight  breakdown,  will  be  utilized  by  the  model 
specified  for  the  VEHW  model  type  to  determine  vehicle  weight  quantities. 


EQUATIONS: 

Total  payload  section  weight. 

WPL  = KWPL  (WPA  + WSh) 

Total  non-expended  payload  section  weight  component. 

wplnx  * kwplnx(wpanx 


+ w 


SH 


NX; 


(Z) 


it? 


t* 


PAYSECW 
230.  2 

MODEL  TYPE: 
MODEL  NAME: 


DESCRIPTION: 


PAYSECW 


PAYLOAD  SECTION  WEIGL 


EQUATIONS  (Cont.  ): 

Total  expended  payload  aeci'on  weight  component. 


WPLX  = KWPLX 


(WPAX  + 


^Hv) 


Expended  (non-thrust  producing)  payload  section  weight  component. 
WPLXI  - KWPLXl(WPAxI  + WSHX[) 


Expended  (thrust  producing)  payload  section  weight  component. 


W = K 

plxt 


wplxt(wpaxt  + w 


shxt) 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  to  this  model  directly  by  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


Preset 


KWPL 


KWPLNX 


KWPLX 


K WPLXI 


“WPL 


WPLNX 


kWPLX 


WPLXI 


Coefficient  for  WPL  computation; 

N.  D. 

Coefficient  for  WPLNX  computation; 
N.  D. 

Coefficient  for  WPLX  computation; 
N.  D. 

Coefficient  for  WPLXI  computation; 
N.  D. 


KWPLXT 


WPLXT 


Coefficient  for  WPLXT  computation; 
N.  D. 


230.  2-2 


PAYSECW 


rAYLOAD  SECTION  WEIGHT 


PLWM2 


INPUT  DATA,  INTER-MODEL: 


This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 

WPA 

WPANX 

W PA  X 

WPA  XI 


Symbol 

WPA 


W 


P/. 


NX 


W 


PA, 


W 


PA 


XI 


WPAXT 


W 


PA 


XT 


WSH 
WSHNX 
WSHX 
WSH  XI 


w 


SH 


W 


SH 


NX 


W 


SH, 


W 


SH 


XI 


WSH  XT 


W 


SH 


XT 


Description;  Ext.  (Int.  ) Units Model  Type 

Total  payload  weight; 

lb  PAYLODW 

Total  non-expended  payload  weight  component; 
lb  PAYLODW 

Total  expended  payload  weight  component; 
lb  PAYLODW 

Expended  (non-thrust  producing)  payload 
weight  component; 

lb  PAYLODW 

Expended  (thrust  producing)  payload  weight 
component; 

lb  PAYLODW 

Total  shroud  weight; 

lb  SHROUDW 

Total  non-expended  shroud  weight  component; 
lb  SHROUDW 

Total  expended  shroud  weight  component; 
lb  SHROUDW 

Expended  (non-thrust  producing)  shroud 
weight  component; 

lb  SHROUDW 

Expended  (thrust  producing)  shroud  weight 
component; 


lb 


SHROUDW 


w 


l jymiir 


w 


PAYSECW  PAYLOAD  SECTION  WE’.GHT  PLWM2 


OUTPUT  DATA: 


The  following  data  is  output  from  this  model.  It  is  available  for  rae  as  inter 
model  input  to  other  models  and  to  print,  plot,  and  optimlzatii  n routines. 


Mnemonic  Symbol 


Description;  Ext,  (Int.  ) Units 


WPL 


WPLNX 


WPLX 


WPLXI 


WPLXT 


W 


PL 


W 


plnx 


w 


PL 


X 


w 


PL 


XI 


W 


PL 


XT 


Total  payload  section  weight.  Includes 
payload  and  shroud; 

lb  Eq.  1 

Total  non-expcnded  payload  section  weight 
component.  Includes  payload  and  shroud; 

lb  Eq.  2 

Total  expended  payload  section  weight 
component.  Includes  payload  and  shroud; 

lb  Eq.  3 

Expended  (non-thrust  producing)  payload 
section  weight  component.  Includes  payload 
and  shroud; 

lb  Eq.  4 

Expended  (thrust  producing)  payload  section 
weight  component.  Includes  payload  and 
shroud; 

lb  Eq.  5 


230. 2-4 


Nominally,  only  those  lines  with  an  asterisk  to  the  left  of  the  line  number  will  be 
printed.  By  input,  any  of  the  lines  given  below  may  be  printed  or  suppressed 
(see  the  section  on  output  models  for  the  details). 


PLWM2 


PAYSECW 


PAYLOAD  SECTION  WEIGHT 


1 


g 


m 

2 5 & 


£ 


S2 

2 


230.  Z-b 


PROPELW 


PROPELLENT  WEIGHT 


PPWM1 


240.  1 


MODEL  TYPE:  PROPELW  (PROPELlent  Weight) 


MODEL  NAME:  PPWM1  (Dirt  -it  input  of  propellent  weights) 


DESCRIPTION: 

PPWM1  (ProMlent  Weight  Model  number  1_)  determines  the  basic  propellent 
properties  (weight,  volume,  density)  of  a solid  rocket  motor  for  which  the 
propellent  weight  is  specified  directly. 


EQUATIONS: 


Propellent  volume. 

W, 


PP 


MT 


PP. 


(1) 


MT 


PP 


MT 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  directly  to  this  model  by  the  program  user.  If  a 
value  is  not  input,  the  preset  value  is  used. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


Preset 


RHOPPMT 


PP 


MT 


Propellent  density; 
lb/in'* 


WPPMT 


W 


PP 


MT 


Propellent  weight; 
lb 


INPUT  DATA,  INTER -MODEL: 


None 


240.  1-1 


L 


PROPLW 


PROPELLENT  WEIGHT 


PPWM1 


OUTPUT  DATA: 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter - 
model  input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 


VPPMT 


Symbol 
V, 


PP 


MT 


Description;  Ext.  (Int.  ) Units 


Propellent  volume; 

. 3 
in 


Nominally,  only  those-  lines  with  an  asterisk  to  the  left  of  the  line  number  will  be 
printed.  By  input,  any  of  the  lines  given  below  may  be  printed  or  suppressed 
(see  the  section  on  output  models  for  the  details). 


PROPELW 


PPWM1 


PROPELLENT  WEIGHT 


o 


3 fi 

ST 


g 


240.  1-3 


PROSYSG 


PROPULSION  SYSTEM  GEOMETRY 


PSGM1 


250.  1 


MODEL  TYPE:  PROSYSG  (PROpuision  SYStem  Geometry) 

MODEL  NAME:  PSGM1  (Sequential  Stages) 


DESCRIPTION: 

PSGM1  (Propulsion  System  Geometry  Model  number  JJ  evaluates  the 
geometry  for  a propulsion  system  comprised  of  sequential  stages.  See 
figure  1 for  an  illustration  of  the  geometry  associated  with  a typical 
propulsion  system. 


PROCEDURE: 

Prior  to  entering  PSGM1,  all  of  the  stages  have  been  sized  and  the  models 
specified  for  the  STAGEG  model  types  have  determined  the  stage  lengths 
for  all  stages  comprising  this  propulsion  system. 

PSGM1  then  sums  these  stage  lengths  and  determines  the  total  propulsion 
system  length. 

After  PSGM1  has  determined  the  propulsion  system  geometry,  the  propulsion 
system  weight  is  evaluated.  After  all  of  the  propulsion  systems  have  been 
sized,  the  model  specified  for  the  VEHG  model  type  will  use  the  propulsion 
system  geometry,  together  with  the  payload  section  geometry,  to  determine 
the  total  vehicle  geometry.  After  the  total  vehicle  geometry  is  evaluated,  a 
final  pass  is  made  through  all  of  the  models  and  any  remaining  quantities 
dependent  upon  the  total  propulsion  system  length  are  evaluated. 


EQUATIONS: 

Total  propulsion  system  length. 

LPS  = ^ LSG 

Where  the  summation  includes  all  stages 
within  the  propulsion  system. 


(1) 


250.  1-1 


PROSYSG 


PROPULSION  SYSTEM  GEOMETRY 


PSGM1 


Fig.  250.  1-1  Typical  Three  Stage  Boost  Vehicle 


250.  1-2 


PROSYSG 


PROPULSION  SYSTEM  GEOMETRY 


PSGM1 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  to  this  model  directly  by  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 

Mnemonic  Symbol  Description;  Ext.  (Int.  ) Units Preset 

None 


INPUT  DATA,  INTER-MODEL: 

This  model  requires  as  input  certain  data  which  is  usually  output  from  i 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Model  Type 

LSG 

lsg 

Stage  length  for  each  stage  comprising  the 

OUTPUT  DATA 

propulsion  system; 
in 

STAGEG 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic  Symbol 


Description;  Ext.  (Int.  ) Units 


LPS 


Lpg  Total  propulsion  system  length; 

ft 


Eq.  1 


PRINT  BLOCK  KEY: 

Nominally,  only  those  lines  with  an  asterisk  to  the  left  of  the  line  number  will  be 
printed.  By  input,  any  of  the  lines  given  below  may  be  printed  or  suppressed 
(see  the  section  on  output  models  for  the  details). 


PROSYSG 


PROPULSION  SYSTEM  GEOMETRY 


PSGM) 


3 


£ 


*4 


250.  1 -4 


PROSYSW 


PROPULSION  SYSTEM  WEIGHT 


PSWM1 


260.  1 


MODEL  TYPE:  PROSYSW  {PROpuis ion  SYStem  Weight) 

MODEL  NAME:  PSWM1  (Weight  Synthesis) 


DESCRIPTION: 

PSWM1  (Propulsion  System  Weight  Model  number  1.)  is  a weight  synthesis 
model  which  evaluates  the  propulsion  system  weights.  The  propulsion 
system  is  comprised  of  the  following  subsystems. 

Stages 


PROCEDURE: 


Prior  to  entering  PSWM1,  the  models  specified  for  the  STAGE W model  type 
have  evaluated  the  stage  weights  and  mass  fractions  which  are  not  dependent 
upon  the  propulsion  system  or  vehicle  weights. 

PSWMl  then  uses  the  pertinent  stage  weight  to  determine  the  propulsion 
system  weight  quantities . 

After  leaving  PSWMl,  the  total  vehicle  geometry  and  weights  are  evaluated. 
After  the  vehicle  has  been  sized,  the  model  specified  for  the  STAGEW  model 
type  (and  other  major  subsystem  model  types  if  required)  is  reentered  and 
mass  fractions  dependent  upon  propulsion  system  quantities  are  evaluated. 


EQUATIONS: 


In  the  equations  below,  the  summation  includes  all  stages  within  the 
propulsion  system. 


Total  propellent  weight  associated  with  the  propulsion  system. 


W 


PP 


= Lw 


PS 


PP 


SG 


(1) 


Total  propulsion  system  weight. 

Wps  = Z WgG  (2) 


260.  1-1 


PROSYSW 


PROPULSION  SYSTEM  WEIGHT 


PSWM1 


EQUATIONS  (Cont.  ): 


Total  non-expended  propulsion  system  weight  component. 

w = £ w 

^Nx  aoNX 


(3) 


Total  expended  propulsion  system  weight  component. 
WPSX  = ^ WSGX 


(4) 


Expended  (non-thrust  producing)  propulsion  system  weight  component. 


W 


PS 


= £ w 


XI 


SG 


XI 


(5) 


Expended  (thrust  producing)  propulsion  system  weight  component. 


w s ^Ew 

^®XT  &°XT 


(6) 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  to  this  model  directly  by  the  program  user.  V. 
a value  is  not  input,  the  preset  value  is  used. 

Mnemonic  Symbol  Description;  Ext.  (Int.  ) Units  Preset 

None 


INPUT  DATA,  INTER -MODEL: 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 

WPPSG 


Symbol  Description;  Ext,  (Int.  ) Units Model  Type 

Wpp  Propellent  weight  for  each  stage  comprising 

SG  this  propulsion  system; 

lb 


STAGEW 


PROSYSW 


PROPUI5ION  SYSTEM  WEIGHT 




PSWM1 


INPUT  DATA,  INTER-MODEL  (Cont.  ): 


Mnemonic  Symbol 


Description;  Ext,  (Int.  ) Units  Model  Type 


WSG 

WSGNX 

WSGX 

V/SGXI 

WSGXT 


W 


SG 


W 


SG 


NX 


W 

SGXI 


w 

SCXT 


Total  stage  weight  for  each  stage  comprising 
this  propulsion  system; 

lb  STAGEW 

Total  non-expended  stage  weight  component; 
lb  STAGEW 

Total  expended  stage  weight  component; 
lb  STAGEW 

Expended  (non-thrust  producing)  stage  weight 
component; 

lb  STAGEW 

Expended  (thrust  producing)  stage  weight 
component; 

lb  STAGEW 


OUTPUT  DATA: 


The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic  Symbol 


WPPPS 


W 


PP 


PS 


WPS  wps 


Description;  Ext.  (Int.  ) Units 

Total  propellent  weight  associated  with  the 
propulsion  system,  Includes  propellent  weights 
of  all  stages  comprising  the  propulsion  system; 

lb  Eq.  1 

Total  propulsion  system  weight.  Includes 
propellent,  non-expended  and  total  expended 
weight  components  for  all  stages  comprising 
the  propulsion  system; 

lb 


Eq.  2 


PROSYSW 


PROPULSION  SYSTEM  WEIGHT 


PSWM1 


OUTPUT  DATA  (Cont.  ): 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


WPSNX 


WPSX 


WPS  XI 


Total  non-expendcd  propulsion  system  weight 
component.  Includes  non-expended  weight 
components  for  all  stages  comprising  the 
propulsion  system; 

lb  Eq.  3 

Total  expended  propulsion  system  weight 
component.  Includes  expended  weight 
components  for  all  stages  comprising  the 
propulsion  system.  Excludes  propellent 
weight; 

lb  Eq.  4 

Expended  (non-thrust  producing)  propulsion 
system  weight  component.  Includes  non- 
thrust producing  weight  components  for  all 
stages  comprising  the  propulsion  system; 


WPSXT 


Expended  (thrust  producing)  propulsion  system 
weight  component.  Includes  thrust  producing 
weight  components  for  all  stages  comprising 
the  propulsion  system.  Excludes  propellent 
weights; 

lb  Eq.  6 


260.  1-4 


Nominally,  only  those  lines  with  an  asterisk  to  the  left  of  -he  line  number  will  be 
printed.  By  input,  any  of  the  lines  given  below  may  be  panted  or  suppressed 


PROSYSW 


PROPULSION  SYSTEM  WEIGHT 


PSWM1 


STAGEG 


STAGE  GEOMETRY 


SGGM1 


270.  1 

MODEL  TYPE:  STAGE  (STAGE  Geometry) 

MODEL  NAME;  SGGM1  (Single  Sequential  Stage  and  Interstage) 


DESCRIPTION: 

SGGM1  (StaGe  Geometry  Model  number  1)  evaluates  the  geometry  for  a 
stage  comprised  of  a single  substage  ancT’interstage  as  illustrated  in  figure  1. 
By  inputting  coefficients  and  bias  terms,  considerable  flexibility  is  provided 
for  specifying  the  stage  length,  diameter,  and  cross-sectional  area. 
However,  since  the  Intra-Model  Input  Data  is  preset  to  the  nominal  stage 
configuration,  user  input  data  is  not  normally  required  for  this  model. 


PROCEDURE: 


Prior  to  entering  SGGMl,  the  models  specified  for  the  SUBSTGG  and 
INTSTGG  model  types  have  determined  the  final  geometry  for  the  substage 
and  interstage. 

SGGMl  (first  entrance)  then  uses  these  primary  component  diameters  anu 
lengths  to  determine  the  overall  stage  geometry. 

After  leaving  SGGMl,  the  weight  for  this  particular  stage  is  evaulated. 

After  all  the  stages  are  sized,  the  models  specified  for  the  PROSYSG  and 
VEHG  model  types  will  be  executed  and,  utilizing  the  stage  geometry  together 
with  their  individual  requirements,  the  overall  propulsion  system  and 
vehicle  is  sized. 

SGGMl  is  then  entered  for  the  second  time  and  3tage  fractions  dependent 
upon  propulsion  system  and  vehicle  quantities  are  evaluated. 


EQUATIONS  (FIRST  ENTRANCE): 

Stage  length.  Fig.  1 

LSG  = KLSG1  LSS  + KLSG2  LITs  + KLSG3 


270. 1-1 


STAGEG 


STAGE  GEOMETRY 


SGGM1 


EQUATIONS  (FIRST  ENTRANCE)  fCont.  ); 

Stage  diameter. 

DSC  = KDSG1  DSS  + KDSG2  °ITA  + KDSG3  °ITF  + KDSG4 
Stage  cross-sectional  area. 

ASG  = KASG1  ASS  + KASG2  AITA  + KASG3  AITF  + KASG4 
Stage  length  to  stage  diameter  ratio. 


'LDSG 


"SG 

5sg" 


EQUATIONS  (SECOND  ENTRANCE): 

Propulsion  Bystem  length  to  stage  diameter  ratio. 

L, 


'PS 


‘LDPSSG 


17 


SG 


Vehicle  length  to  stage  diameter  ratio. 

L. 

R , 


VH 


LDVHSG 


SG 


(2) 

(3) 

(4) 

(5) 

(6) 


270.  1-2 


STAGEG 


STAGE  GEOMETRY 


SGGM1 


INPUT  DATA,  INTRA-MODEL: 


The  following  data  is  input  to  this  model  directly  by  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 


Mnemonic 


KASG1 


KASG2 


KASG3 


KASG4 


KDSG1 


KDSG2 


KDSG3 


KDSG4 


KLSG1 


KLSG2 


KLSG3 


Symbol 

K, 


ASG1 


K 


ASG2 


K 


ASG3 


K 


K 


K 


DSG1 


DSG2 


K 


DSG3 


K 


DSG4 


K 


K 


K 


LSG1 


LSG2 


LSG3 


Description;  Ext.  (Int.  ) Units Preset 

Coefficient  for  stage  area  computation; 

N.  D.  1 

Coefficient  for  stage  area  computation; 

N.  D.  0 

Coefficient  for  stage  area  computation; 

N.  D.  0 


Bias  for  stage  area  computation; 


in  0 

Coefficient  for  stage  diameter  computation; 
N.  D.  1 

Coefficient  for  stage  diameter  computation; 
N.  D.  0 

Coefficient  for  stage  diameter  computation; 
N.  D.  0 

Bias  for  stage  diameter  computation; 
in  0 

Coefficient  for  stage  length  computation; 

N.  D.  1 

Coefficient  for  stage  length  computation; 

N.  D.  1 

Bias  for  stage  length  computation; 
in  0 


270.  1-4 


STAGEG 


STAGE  GEOMETRY 


SGGM1 


INPUT  DATA,  INTER-MODEL: 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  It  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Model  Typ' 

AITA 

A1T. 

A 

Cross-sectional  area,  interstage  aft  base; 
in2  INTSTGG 

AITF 

Aj  r 

llF 

Cross-sectional  area,  interstage 
in2 

fore  base; 
INTSTGG 

ASS 

ASS 

Cross-sectional  area,  substage; 

. 2 
in 

SUBSTGG 

DITA 

dita 

Diameter,  interstage  aft  base; 
in 

INTSTGG 

DITF 

ditf 

Diameter,  interstage  fore  base; 
in 

INTSTGG 

DSS 

DSS 

Outside  diameter,  substage; 
in 

SUBSTGG 

LITS 

Ljt 

1AS 

Spacing  distance  associated  with  the 
interstage; 

in  Fig.  1 INTSTGG 

LPS 

LPS 

Total  propulsion  system  length; 
in 

PPOSYSG 

LSS 

LSS 

Total  substage  length; 
in  Fig.  1 

SUBSTGG 

LVH 

Wh 

Total  vehicle  length; 
in 

VEHG 

STAGEC 


STAGE  GEOMETRY 


SGGM1 


OUTPUT  DATA: 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

ASG 

asg 

Stage  cross-sectional  area; 

i 2 

in 

Eq.  3 

DSG 

dsg 

Stage  diameter; 

in 

Eq.  2 

LSG 

lsg 

Stage  length; 
in  Fig.  1 

Eq.  1 

RLDPSSG 

rldpssg 

Propulsion  system  length  to  stage  diameter 
ratio; 

N.  D. 

Eq.  5 

RLDSG 

rldsg 

Stage  length  to  stage  diameter  ratio; 
N.  D. 

Eq.  4 

RLDVHSG 

redvhsg 

Vehicle  length  to  stage  diameter  ratio; 
N.  D. 

Eq.  6 

STAGEG 


STAGE  GEOMETRY 


SGGM1 


270. 1-7 


STAGEW 


STAGE  WEIGHT 


SGWM1 


280.  1 

MODEL  TYPE:  STAGEW  (STAGE  Weight) 

MODEL  NAME:  SGWM1  (Singh:  substage  and  interstage) 


DESCRIPTION:  j 

— !■»  . . I 4 

SGWMI  (StaGe  Weight  Model  number  _1_)  is  a weight  synthesis  model  which 
evaluates  the  stage  weight  breakdown  and  stage  mass  fractions  for  a ’tage 
having  a single  substage  and  interstage.  The  stage  weight  is  compri.et  of 
the  following  subsystems: 

Substage 

Interstage 


PROCEDURE: 

Prior  to  entering  SGWMI,  the  models  specified  by  the  SUBSTGW  and 
INTSTGW  model  types  have  evaluated  the  substage  and  interstage  weights. 

In  addition  to  evaluating  subcomponent  weights  peculiar  to  their  particular 
requirements,  they  have  defined  a set  of  component  weights  in  terms  of 
expended  or  non-expended  attributes. 

Upon  the  first  entrance  to  SGWMI,  these  expended  and  non  expended,  sub- 
stage and  interstage,  weight  components  are  used  in  determv  ing  the  stage 
weight  breakdown.  In  addition,  mass  fractions  which  are  no f dependent  upon 
propulsion  system  or  vehicle  quantities  are  evaluated. 

The  remainder  of  the  stages  are  then  sized  and  the  models  specified  for  the 
PROSYSW  and  VEHW  model  types  will  determine  the  propulsion  system  and 
vehicle  weights. 

After  the  entire  vehicle  has  been  sized,  a second  entrance  is  made  to  SGWMI 
and  the  stage  mass  fractions  which  are  dependent  upon  propulsion  system  and 
vehicle  quantities  are  evaluated. 
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■ 41*. 


STAGEW 


STAGE  WEIGHT 


SGWM1 


EQUATIONS  (FIRST  ENTRANCE): 

Weight  of  propellent  associated  with  this  stage. 


W 


PPr 


= W 


PP, 


SG  * * SS 
Total  stage  weight. 

WSG  = KWSG  (WSS 


+ wIT) 


Total  non-expended  stage  weight  component. 

/W„«  + W 


SCNX  - "WSGNX  (W5Snx  + WITnx) 

Total  expended  stage  weight  component. 

WSGX  = KWSGX  (VVSSx  + WITX) 

Expended  (thrust  producing)  stage  weight  component. 


W 


sgxt  " kwsgxt  (wsfxt  + Witxt) 


XT  AiXT^ 

Expended  (non-thrust  producing)  stage  weight  component. 
WSGXI  = KWSGXI  (WSSxi  + WITXJ) 

Total  weight  of  stage  expendables. 


W 


SG 


= K 


XX 


WSG  XX 


< W 


PP 


+ w 


SG 


sgJ 


Total  stage  expended  inert  weight  flow, 
• • 

WSGj  = KDWSGI  WENj 

Stage  propellent  mass  fraction. 

W, 


PP 


K 


SG 


PMF 


SG 


SG 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 
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STAGEW 


STAGE  WEIGHT 


SGWMI 


EQUATIONS  (FIRST  ENTRANCE)(Cont.  ): 


Stage  expended  mass  fraction. 
W, 


SG, 


K 


SG 


XMF 


SG 


Stage  structure  mass  fraction. 
W, 


SG 


K 


SG 


SMF 


"W 


NX 


SG 


(10) 


(ID 


EQUATIONS  (SECOND  ENTRANCE): 


Stage  weight  proportion 

W, 

R, 


SG 


WSGPS 


PS 


Stage  propellent  weight  proportion. 
W, 


PP, 


SG 


WPSGPS 


~W 


PP 


PS 


(12) 


(13) 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  to  this  model  directly  by  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 


Mnemonic 


KDWSGI 


KWSG 


KWSGNX 


Symbol 

K, 


DWSGI 


K 


WSG 


K 


WSGNX 


Description;  Ext.  (Int.  ) Units 


Preset 


Coefficient  for  DWSGI  computation; 

N.  D.  -1 

Proportionality  factor  for  total  stage  weight; 
N.  D.  1 

Proportionality  factor  for  non-expended  s;age 
weight  component; 

N.  D.  1 
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STAGEW 


STAGE  WEIGHT 


SGWM1 


INPUT  DATA,  INTRA-MODEL  (Cont,  ): 


Mnemonic  Symbol 


Description'  Ext.  (Int.  ) Units Preset 


KWSGX 


KWSGXI 


KWSGXT 


KWSGXX 


KWSGX 


KWSGXI 


KWSGXT 


kwsgxx 


Proportionality  factor  for  total  expended  stage 


weight  component; 

N.  D.  1 

Proportionality  factor  for  expended  (non- 
thrust producing)  stage  weight  component; 

N.  D.  1 

Proportionality  factor  for  expended  (thrust 
producing)  stage  weight  component; 

N.  D.  1 

Coefficient  for  WSGXX  computation; 

N.  D.  1 


INPUT  DATA,  INTER-MODEL: 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  opecified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Model  Typi 

DWENI 

*ENX 

Inert  engine  weight  flow; 
lb 

PROPUL 

WIT 

WIT 

Total  interstage  weight; 
lb 

INTSTGW 

WITNX 

Wjt 

AiNX 

Total  non-expended  interstage 
component; 

lb 

weight 

INTSTGW 

WITX 

WIT 

Total  expended  interstage  weight  component; 
lb  INTSTGW 

STAGEW 


STAGE  WEIGHT 


SGWM1 


I 

¥■ 

* 

r 

i 

i 

V 

t 

t ■ 

f 

\ 

f 

r 

n 

1 

h 

L 


( 


INPUT  DATA,  INTER -MODEL  (Cont.  ); 


Mnemonic  Symbol 


Description;  Ext,  (Int. ) Units Model  Type 


WITXI 


WITXT 


WPPPS 


WPPSS 


WPS 


W 


IT 


XT 


W 


PP 


PS 


w 


PP 


sc 


w 


PS 


Expended  (non-thrust  producing)  interstage 
weight  component; 

lb  INTSTGW 

Expended  (thrust  producing)  interstage 
weight  component; 

lb  INTSTGW 

Weight  of  propellent  associated  with  the 
propulsion  system; 

lb  PROSYSW 

Weight  of  propellent  associated  with  the 
substage; 

lb  SUBSTGW 

Total  propulsion  system  weight; 
lb  PROSYSW 


WSS 

WSSNX 

WSSX 

WSSXI 

WSSXT 


wss 


w 


ss 


NX 


w 


ss 


XT 


Total  substage  weight.  Includes  propellent; 
lb  SUBSTGW 

Total  non-expended  substage  weight  component; 
lb  SUBSTGW 

Total  expended  substage  weight  component, 
does  not  include  propellent; 

lb  SUBSTGW 

Expended  (non-thrust  producing)  substage 
weight  component; 

lb  SUBSTGW 

Expended  (thrust  producing)  substage  weight 
component,  does  not  include  propellent; 

lb  SUBSTGW 
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STAGEW 


STAGE  WEIGHT 


SGWM1 


OUTPUT  DATA: 


The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 

DWSGI 

KSGPMF 

KSGSMF 

KSGXMF 

RWSGPS 

KWPSGPS 

WPPSG 

WSG 


Symbol 


K 


SG 


PMF 


SMF 


K 


SG 


XMF 


R WSG PS 


RWPSGPS 


W 


PP 


SG 


W 


SG 


Description;  Ext.  (Int. ) Units 


Total  stage  expended  inert  weight  flow.  A 
negative  value  indicates  weight  loss  from  the 
stage  (see  KDWSGI).  DWSGI  corresponds  to 
DWINERT  in  the  trajectory  simulation  models; 

xb/sec  Eq.  8 

Stage  propellent  mass  fraction.  Ratio  of 

propellent  weight  to  stage  weight; 

N.  D.  Eq.  9 

Stage  structure  mass  fraction.  Ratio  of  non- 

expended  stage  weight  to  total  stage  weight; 

N.  D.  Eq.  11 

Stage  expended  mass  fraction.  Ratio  of 
expended  stage  weight  (excluding  propellent) 
to  total  stage  weight; 

N.  O.  Eq.  10 

Stage  weight  proportion.  Ratio  of  stage  weight 
to  propulsion  system  weight; 

N.  D.  12 

Stage  propellent  weight  proportion.  Ratio  of 

propellent  weight  associated  with  the  stage  to 
the  propellent  weight  associated  with  the 
propulsion  system; 

N.  D.  Eq.  13 

Weight  of  propellent  associated  with  this 
stage; 

lb  Eq.  1 

Total  stage  weight.  Includes  substage  and 
interstage; 

lb  Eq.  2 
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STAGEW 


STAGE  WEIGHT 


OUTPUT  DATA  (Cont.  ): 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


WSGNX 


WSGX 


WSGXI 


Total  non-expended  stage  weight  component. 
Includes  substage  and  interstage.  WSGNX 
corresponds  to  WTSTS  in  the  trajectory 
simulation  models; 

lb  Eq.  3 

Total  expended  stage  weight  component. 
Includes  substage  and  interstage.  Does  not 
include  propellent; 

lb  Eq.  4 

Expended  {non-thrust  producing)  stage  weight 
component.  Includes  substage  and  interstage; 

lb  Eq.  6 


WSGXT 


WSGXX 


Expended  (thrust  producing)  stage  weight 
component.  Includes  substage  and  interstage. 
Does  not  include  propellent; 

lb  Eq.  5 

Total  weight  of  stage  expendables.  Includes 
propellent,  expended  thrust  producing,  and 
expended  non-thrust  producing  stage  weight 
components.  WSGXX  corresponds  to  WTANK 
in  the  trajectory  simulation  models; 
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STAGEW 


SGWM1 


STAGE  WEIGHT 
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SHROUDW 


SHROUD  WEIGHT 


SHWM1 


290.  1 

MODEL  TYPE:  SHROUDW  (SHROUD  Weight) 

MODEL  NAME:  SHWM1  (Direct  Input) 


DESCRIPTION; 

SHWM1  (SHroud  height  Model  number  i)  is  a simple  non-geometry  dependent 
shroud  weight  model  for  which  the  shroud  weight  is  input  directly  by  the 
program  user.  It  should  be  noted  that  shroud  simulations  will  normally 
require  a shroud  weight  model  but  not  a shroud  geometry  model. 

See  the  PAYSECW  model  type  for  payload  section  weight  models  which  are 
applicable  if  this  shroud  weight  model  is  used. 


PROCEDURE; 

Prior  to  executing  SHWM1,  all  vehicle  subsystems  within  the  propulsion 
system  have  been  sized  and  the  model  specified  for  the  PAYLODW  model 
type  has  evaluated  the  payload  weight  breakdown. 

SHWM1  is  then  executed  and  the  shroud  weight  is  evaluated. 

After  SHWM1  is  executed,  the  model  specified  for  the  PAYSECW  model 
type  will  use  the  payload  and  shroud  weights  to  evaluate  the  payload  section 
weight  breakdown. 


EQUATIONS; 

Total  shroud  weight. 

WSH  " KWSH  WSHROUD 


Total  non-expended  shroud  weight  component. 


^SH 
& NX 


WSH 


(1) 


(2) 


SHROUDW 


SHROUD  WEIGHT 


SHWM1 


EQUATIONS  (Cont.  ): 

Total  expended  shroud  weight  component. 


Expended  (non-thrust  producing)  shroud  weight  component. 


WSH 

SHx! 


0 


(3) 

(4) 


Expended  (thrust  producing)  shroud  weight  component. 


SHXT 


0 


INPUT  DATA,  INTRA-MODEL: 


(5) 


The  following  data  is  input  to  this  model  directly  by  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Preset 

KWSH 

kwsh 

Coefficient  for  WSH  computation; 

N.  D. 

1 

WSHROUD 

WSHROUD 

Shroud  weight  input  by  user; 
lb 

0 

INPUT  DATA,  INTER-MODEL: 


This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 

Mnemonic  Symbol  Description;  Ext,  (Int.  ) Units Model  Type 


None 


SHROUDW 


SHROUD  WEIGHT 


SHWM1 


OUTPUT  DATA: 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter* 
model  input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


Total  shroud  weight; 


WSHNX 


WSHX 


WSHXI 


WSHXT 


Eq.  1 


Total  non-expended  shroud  weight  component; 
lb  Eq.  2 

Total  expended  shroud  weight  component; 
lb  Eq.  3 

Expended  (non-thrust  producing)  shroud 
weight  component; 

lb  Eq.  4 

Expended  (thrust  producing)  shroud  weight 
component; 

lb  Eq.  5 


290. 1-3 


Nominally,  only  those  lines  with  an  asterisk  to  the  left  of  the  line  number  will  be 
printed.  By  input,  any  of  the  lines  given  below  may  be  printed  or  suppressed 
(see  the  section  on  output  models  for  the  details). 


SHROUDW 


SHROUD  WEIGHT 


SHWM1 
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SUBSTGG 


SUBSTAGE  GEOMETRY 


SSGMl 


i * 


300.  1 


MODEL  TYPE:  SUBSTGG  (SUBSTaGe  Geometry) 

MODEL  NAME;  SSGMl  (Single  Solid  Rocket  Motor) 


DESCRIPTION: 

SSGMl  (SubStage  Geometry  Model  number  1)  evaluates  the  geometry  of  a 
complete” solid  rocket  motor- substage,  including  the  motor  case,  protruding 
nozzle  and  spacing  required  ahead  of  the  forward  closure  for  the  igniter 
attachment,  thrust  termination,  etc.  Since  this  is  the  final  geometry  model 
executed  in  the  substage  geometry  design,  substage  requirements  for  inter- 
stage design  are  also  evaluated.  See  figure  1. 


PROCEDURE: 

Prior  to  entering  SSGMl,  the  models  specified  for  the  CASEG,  NOZZLEG 
and  MOTORG  model  types  have  determined  the  final  geometry  for  the  case, 
nozzle  and  basic  motor. 

SSGMl  then  uses  these  primary  component  diameters  and  lengths  to  determine 
the  overall  substage  geometry,  including  interstage  requirements. 

After  leaving  SSGMl,  the  weight  and  propulsion  models  for  this  particular 
substage  are  sized.  After  all  substages  are  sized,  the  interstage  models 
will  be  executed  and,  utilizing  the  substage  geometry  data  together  with 
satisfying  their  individual  requirements,  the  interstages  are  sized. 


i i 
1 


j 

? 

•4 

i 


EQUATIONS: 


Intersubstage  spacing  distance. 

Lssg  = klsi  + kls2  dcsq  + lttmt 

Total  substage  length. 

LSS  = LSSS  + LMT  + LNZp 


(1) 


(2) 


300.  1 -1 


( 


SUBSTGG 


SUBSTAGE  GEOMETRY 


SSGM1 


EQUATIONS  (Cont.  ): 

Substage  outside  diameter. 

DSS  KD1  + KD2  °MT 
Substage  cross  sectional  area. 

ASS  = (tt)  DSS 


Ratio,  total  substage  length  to  case  diameter. 


RLDSSCS  = 


Substage  diameter  for  forward  interstage  attachment. 


De 


- D 


ITF 


SS 


Substage  diameter  for  aft  interstage  attachment. 


'SS 


= D 


ITA 


SS 


Length  of  interstage  required  (forward)  for  this  substage. 

Lssitf  = Lmtchf  * Lsss  ' Lmtskf 


Length  of  interstage  required  (aft)  for  this  substage. 

lssita  = lmtcha  + HjZp  • LMTSKA 


(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 
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SUBSTGG 


SUBSTAGE  GEOMETRY 


SSGM1 


INPUT  DATA,  INTRA-MODEL; 


The  following  data  is  input  to  this  model  directly  by  the  program  user.  If  a 
value  is  not  input,  the  preset  value  is  used. 

Mnemonic  Symbol  Description;  Ext.  (Int.  ) Units  Preset 

KLSSS1 

KLS1 

Bias  for  inter- substage  spacing  distance 
computation.  Does  not  include  thrust 
termination; 

in  0 

KLSSS2 

KLS2 

Proportionality  factor  relating  a component 
of  the  inter -substage  spacing  distance  to  the 
outside  case  diameter.  Does  not  include 
thrust  termination; 

N.  D.  0 

KDSS1 

kdi 

Bias  for  substage  diameter  computation; 
in  0 

KDSS2 

KD2 

Coefficient  for  substage  diameter  computation; 
in  1 

INPUT  DATA,  INTER -MODEL; 

This  model  requires  ae  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Model  Typ' 

DCSO 

°cso 

Outside  motor  case  diameter; 
in 

CASEG 

DMT 

dmt 

Motor  diameter; 

in 

MOTORG 

LMT 

lmt 

Motor  length; 
in 

MOTORG 

i 


■ ) 


I 
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Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Model  Type 

LMTCLA 

LmTCLA 

Length  of  motor  aft  closure; 
in 

MOTORG 

LMTCLF 

Lmtc lf 

Length  of  motor  forward  closure; 
in 

MOTORG 

LMTSKA 

Lmtska 

Length  of  motor  aft  skirt; 
in 

MOTORG 

LMTSKF 

mtskf 

Length  of  motor  forward  skirt; 
in 

MOTORG 

LNZP 

LNZp 

Protruding  nozzle  length; 
in 

NOZZLEG 

LTTMT 

LtTMT 

Length,  thrust  termination; 
in 

TTERMG 

OUTPUT  DATA: 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 


rmbol 


Description;  Ext.  (Int.  ) Units 


ASS 

DSS 

DSSITA 


Substage  cross  sectional  area; 
in  Eq.  4 

Substage  outside  diameter.  May  include 
raceways  and  other  protrusions; 

in  Eq.  3 

Substage  aft  diameter  for  interstage 
attachment; 

in  Eq,  7 


SUBSTGG 


SUBSTAGE  GEOMETRY 


SSGM1 


OUTPUT  DATA;(Cont.  ): 

Mnemonic  Symbol  Deacriptlon;  Ext.  (Int.  ) Units 


DSSITF 


LSS 


LSSITA 


LSS1TF 


LSSS 


RLDSSCS 


RLDSSCS 


Substage  forward  diameter  for  interstage 
attachment; 

in  Eq.  6 

Total  substage  length.  Includes  motor, 
protruding  nozzle,  and  required  spacing 
distance  forward  of  the  forward  closure; 

in  Eq.  2 

Length  of  interstage  required  (aft)  for  this 

substage; 

in  Eq.  9 

Length  of  interstage  required  (forward) 
fcr  this  substage); 

in  Eq.  8 

Inter- substage  spacing  distance.  Substage 
distance,  measured  along  vehicle  centerline, 
forward  of  fore  motor  closure.  Used  primarily 

for  thrust  termination  equipment  and  any 
other  spacing  distance  required  between  this 
substage  and  the  nozzle  of  the  substage 
forward  of  this  substage; 

in  Eq.  1 

Length  to  diameter  ratio.  Ratio  of  total 
substage  length  to  outside  case  diameter; 

N.  D.  Eq.  5 
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SUBSTGW 


SUBSTAGE  WEIGHT 


SSWM1 


310.  1 


MODEL  TYPE:  SUBSTGW  (SUBSTaGe  Weight) 

MODEL  NAME:  SSWM1  (Weight  Synthesis,  Single  Motor 

and  Nozzle ) 


DESCRIPTION: 


SSWM1  (Substage  Weight  Model  number  \)  is  a weight  synthesis  model 
which  evaluates  the  substage  weight  breakdown  and  substage  mass  fractions 
for  a substage  having  a single  solid  rocket  motor  and  nozzle.  The  substage 
weight  is  comprised  of  the  following  subsystems. 

Motor 

Nozzle 

Note  that  the  above  subsystems  do  NOT  include  the  interstage.  See  the 
STAGEW  model  for  stage  (substage  plus  interstage)  weight  quantities. 


PROCEDURE: 


Prior  to  entering  SSWM1,  the  models  specified  by  the  NOZZLE W and 
MOTORW  model  types  have  evaluated  the  nozzle  and  motor  weights.  In 
addition  to  evaluating  subcomponent  weights  peculiar  to  their  particular 
requirements,  they  have  defined  a set  of  component  weights  in  terms  of 
expended  or  non-expended  attributes. 

These  expended  and  non-expended  motor  and  nozzle  weights  are  input  to 
SSWM1,  The  SSWM1  model  will  combine  these  quantities  to  determine  the 
substage  weight  components  and  mass  fractions. 

After  the  SSWM1  model  is  executed,  the  interstage  geometry  and  weights  are 
determined.  The  model  specified  by  the  STAGEW  model  type  will  then  use 
the  substage  and  interstage  quantities  to  determine  the  stage  weights  and 
mass  fractions. 


310.  1-1 


SUBSTGW 


SUBSTAGE  WEIGHT 


SSWM1 


EQUATIONS: 

Weight  of  propellent  associated  with  the  substage. 

Wpp  = Wpp  (1) 

^SS  MT 

Total  substage  weight. 

WSS  S KWSS  (WMT  + WNZ} 

Total  non-expended  substage  weight  component. 

wcc  = Kwcsmy  (W..-,  + WM_  ) (3) 

ssNX  wssnx  mtnx  nznx 

Total  expended  substage  weight  component  (excluding  propellent). 

WSSX  5 KWSSX  <WMTX  + WNZX>  <4> 

Expended  (thrust  producing)  substage  weight  component  (excluding  propellent). 

wssXT  = kwssxt  <WMTxt  + WNZxt5  (5) 

Expended  (non-thrust  producing)  substage  weight  component, 

WSSX1  = KWSSXI  (WMTxi  + WN ZXI}  (6) 

Subatage  propellent  mass  fraction. 


PMF 


Substage  expended  mass  fraction. 


XMF  "SS 

Substage  structure  mass  fraction. 
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SUBSTGW 


SUBSTAGE  WEIGHT 


SSWM1 


INPUT  DATA,  INTRA-MODEL: 


The  following  data  is  input  to  this  model  directly  by  the  program  user.  If  a 
value  is  not  input,  the  preset  value  is  used. 


Mnemonic  Symbol 


Description;  Ext.  (Int.  ) Units Preset 


KWSS 

KWSSNX 

KWSSX 

KWSSXI 

KWSSXT 


KV,'SS 

KWSSNX 

Kwssx 

KWSSXI 

kwssxt 


Proportionality  factor  for  total  substage  weight; 
N.  D.  1 

Proportionality  factor  for  total  non-expended 
substage  weight  component; 

N.  D.  1 

Proportionality  factor  for  total  expended 
substage  weight  component; 

N.  D.  1 

Proportionality  factor  for  expended  (non-thrust 
producing)  substage  weight  component; 

N.  D.  1 

Proportionality  factor  for  expended  (thrust 
producing)  substage  weight  component; 

N.  D.  1 


INPUT  DATA,  INTER-MODEL: 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic  Symbol 

WMT  WMT 


WMTNX 


W 


MT 


NX 


Description;  Ext.  (Int,  ) Units Model  Type 

Motor  weight,  total; 

lb  MOTOR  W 

Motor  weight  component,  total  non-expended; 
lb  MOTOR  W 


310.  1-3 


SUBSTGW 


SUBSTAGE  WEIGHT 


SSWM1 


INPUT  DATA, 

Mnemonic 

WMTX 

WMTXI 

WMTXT 

WNZ 

WNZNX 

WNZX 

WNZXI 

WNZXT 

WPPMT 


310.  1-4 


IN  TER -MODEL  (Cont.  ); 


\.J  H 


Symbol 
W. 


MT 


X 


w 


MT 


XI 


w 


MT 


XT 


W 


NZ 


Description;  Ext.  (Int.  ) Units Model  Type 

Motor  weight  component,  total  expended; 
lb  MOTOR  W 

Motor  weight  component,  expended,  (non- 
thrust producing); 

lb  MOTOR  W 

Motor  weight  component,  expended,  (thrust 
producing); 


lb 

Nozzle  weight,  total; 
lb 


MOTOR W 


NOZZLEW 


W 


NZ 


NX 


W 


NZ, 


W 


NZ 


W 


NZ 


XI 


XT 


Nozzle  weight  component,  total  non -expended; 
lb  NOZZLEW 

Nozzle  weight  component,  total  expended; 
lb  NOZZLEW 

Nozzle  weight  component,  expended,  (non- 
thrust producing); 

lb  NOZZLEW 

Nozzle  weight  component,  expended,  (thrust 
producing); 

lb  NOZZLEW 


W 


PP 


MT 


Propellent  weight; 
lb 


PROPELW 


■pisas 


SUBSTGW 


SUBSTAGE  WEIGHT 


SSWM1 


OUTPUT  DATA: 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


KSSPMF 


KSSSMF 


. Substage  propellent  mass  fraction.  Includes 

PMF  motor  and  nozzle; 

N.  D.  Eq.  7 

, Substage  structure  mass  fraction.  Includes 

>SMF  motor  and  nozzle; 


N.  D. 


Eq.  9 


KSSXMF 


WPPSS 


XMF 


Substage  expended  mass  fraction.  Includes 
motor  and  nozzle; 


N.  D. 


Eq.  8 


Weight  of  propellent  associated  with  the 
substage; 

lb  Eq.  1 

Total  substage  weight.  Includes  motor  and 
nozzle; 

lb  Eq.  2 


WSSNX 


WSSX 


WSSXI 


WSSXT 


Total  non-expended  substage  weight  component. 
Includes  motor  and  nozzle; 

lb  Eq.  3 

Total  expended  substage  weight  component. 
Includes  motor  and  nozzle; 

lb  Eq.  4 

Expended  (non-thrust  producing)  substage  weight 
component.  Includes  motor  and  nozzle; 

lb  Eq.  6 

Expended  (thrust  producing)  substage  weight 
component.  Includes  motor  and  nozzle; 

lb  Eq.  5 


310.  1 - 5 


Nominally,  only  those  lines  with  an  asterisk  to  the  left  of  the  line  number  will  be 
printed.  By  input,  any  of  the  lines  given  below  may  be  printed  or  suppressed 
(see  the  section  on  output  models  for  the  details). 


SUBSTGW 


SUBSTAGE  WEIGHT 


SSWM1 


U 


§ 


£ 


i ' 


3 


% 

l 


310.  1-6 


TTERMG 


THRUST  TERMINATION  GEOMETRY 


TTGM1 


320.  1 

MODEL  TYPE:  TTERMG  (Thrust  TERMination  Geometry) 

MODEL  NAME:  TTGM1  (Motor  Centerline  spacing  Distance) 

DESCRIPTION: 

TTGM1  (Thrust  Termination  Geometry  Model  number  1)  evaluates  the 
spacing  <TTstance  required,  forward  of  tKe  fore  motor  closure,  for  the  thrust 
termination  mechanism. 

PROCEDURE: 

Prior  to  executing  TTGM1,  the  model  specified  for  the  CASEG  model  type 
has  determined  the  case  outside  diameter. 

TTGM1  then  uses  the  case  diameter  to  evaluate  the  spacing  distance  required 
for  tho  thrust  termination  mechanism. 

The  thrust  termination  spacing  distance  will  later  be  used  by  the  model 
specified  for  the  SUBSTGG  model  type  to  determine  the  required  intersub- 
stage spacing  distance. 

EQUATIONS: 

Thrust  termination  spacing  length. 

Lttmt  = KLTTMT  C1  DCS0 

INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  directly  to  this  model  by  the  program  user.  If  a 
value  is  not  input,  the  preset  value  is  used. 


TTERMG 


THRUST  TERMINATION  GEOMETRY 


TTGM1 


INPUT  DATA,  INTRA-MODEL  (Cont.  ): 


Mnemonic 


CTTG1 

KLTTMT 


Symbol 


KLTTMT 


Description;  Ext.  (Int.  ) Units Preset 

Constant  for  LTTMT  computation; 

N.  D.  0.  01 

Coefficient  for  LTTMT  computation; 

N.  D.  1 


INPUT  DATA,  INTER. MODEL: 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a source 
for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Model  Typ' 

DCSO 

DCS 

Outside  case  diameter; 

U 

in 

CASEG 

OUTPUT  DATA: 


The  following  data  is  output  by  this  model.  It  is  available  for  usage  as  inter- 
model input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

LTTMT 

Lq’T 
1 MT 

Thrust  termination  spacing  length.  Distance 
measured  along  motor  centerline  forward  of 
the  fore  motor  closure,  required  for  the 
thrust  termination  mechanism; 

in 

i 

i 

j 


i 

i 


s 


320.  1-2 


TTERMG 


THRUST  TERMINATION  GEOMETRY 


TTGM1 
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320.  1-3 


TTERMW 


THRUST  TERMINATION  WEIGHT 


TTWM1 


330.  1 


MODEL  TYPE:  TTERMW  (Thrust  TERMlnatlon  Weight) 

MODEL  NAME:  TTWM1  (Parametric  Scaling) 


DESCRIPTION: 


TTWM1  (Thrust  germination  Weight  Model  number  ],)  utilizes  a parametric 
scaling  equation  to  determine  the  weight  of  the  thrust  termination  mechanism 
for  a solid  rocket  motor.  See  reference  8 for  a description  of  the  equation 
and  parametric  scaling  rationale. 

This  model  is  applicable  for  performance  parameters  within  the  following 
limits  (see  Input  Data.  Inter-Model). 

300  < PCHAVG  < 1000  psia. 

40  < TBPPMT  < 140  sec. 

3000  < WPPMT  < 2,000,000  1b. 


PROCEDURE: 

In  addition  to  evaluating  the  thrust  termination  weight,  the  TTWM1  model 
determines  the  total  weight  breakdown  in  terms  of  expended  and  non-expended 
components. 

These  expended  and  non-expended  component  weights  will  later  be  used  by  the 
model  specified  for  the  MOTORW  model  type  to  determine  the  motor  weights 
and  mass  fractions. 


EQUATIONS: 

Total  thrust  termination  weight. 


330.  1.1 


TTERMW 


THRUST  TERMINATION  WEIGHT 


TTWM1 


EQUATIONS  (Cont,  ): 

Total  non-expended  thrust  termination  weight  component. 

WTTNX  3 kwttnx  wtt 

Total  expended  thrust  termination  weight  component, 

W T * 0 

1 X 

Expended  (non-thrust  producing)  thrust  termination  weight. 

W 3 0 

TT 
1 lXI 

Expended  (thrust  producing)  thrust  termination  weight. 

W = 0 

i iXT 


1 ) 


(2) 


(3) 


(4) 


(5) 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  directly  to  this  model  by  the  program  user.  If  a 
value  is  not  input,  the  preset  value  is  used. 


i : 


Mnemonic 


CTTW1 


CTTW2 


XV/TT 


Symbol 

C1 


K 


WTT 


Description;  Ext,  (Int,  ) Units 


Preset 


Scaling  constant  for  WTT  computation; 

N.  D.  170 

Scaling  constant  for  WTT  computation; 

N.  D.  1.45 

Proportionality  factor  for  thrust  terminatior 
weight; 


N,  D. 


1 


KWTTNX 


K 


WTTNX 


Proportionality  factor  for  non-expended  thrust 
termination  weight; 

N.  D.  1 


330.  .*  -2 


TTERMW 


THRUST  TERMINATION  WEIGHT 


TTWM1 


INPUT  DATA,  INTER-MODEL: 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a source 
for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units  Model  Type 


PCHAVG 


AVG 


Average  chamber  pressure; 


IBGAS 


TBPPMT 


WPPMT 


OUTPUT  DATA: 


Propellent  burn  time; 


Propellent  weight; 


IBPERF 


PROPE^vV 


The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model  input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


WTT 


WTTNX 


WTTX 


WTTXI 


WTTXT 


Total  thrust  termination  subsystem  weight; 
lb  Eq.  1 

Total  non-expended  thrust  termination 
subsystem  weight  component; 

lb  Eq.  2 

Total  expended  thrust  termination  subsystem 
weight  component; 

lb  Eq.  3 

Expended  (non-thrust  producing)  thrust 
termination  subsystem  weight  component; 

lb  Eq.  4 

Expended  (thrust  producing)  thrust 
termination  subsystem  weight  component; 

lb  Eq.  5 


330.  1 -3 


TTERMW 


THRUST  TERMINATION  WEIGHT 


TTWMI 
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330.  1-4 


TVCG 


THRUST  VECTOR  CONTROL  GEOMETRY 


TVGM1 


340.  1 


MODEL  TYPE:  TVCG  (Thrust  Vector  Control  Geometry) 

MODEL  NAME:  TVGM1  (Gimballed  nozzle) 


DESCRIPTION: 

TVGM1  (Thrust  Vector  Geometry  Model  number  1_)  evaluates  the  geometry 
required  for  the  simulation  of  a gimballed  nozzle.  The  gimbal  point  is 
located  on  the  nozzle  centerline  and  may  be  forward  (see  figure  1)  or  aft 
(see  figure  2)  of  the  nozzle  throat  plane. 


PROCEDURE: 

Prior  to  entering  TVGM1,  the  model  specified  for  the  NOZZLEG  model  type 
has  evaluated  the  nozzle  geometry. 

TVGM1  then  uses  this  nozzle  geometry  to  determine  thr  gimballed  nozzle 
envelope  geometry. 


EQUATIONS: 

Gimballed  nozzle  length  ratio.  (Positive  value  if  gimbal  point  is  aft  of 
nozzle  throat  plane. ) 


RLGB 


KRLGB1  + 


KRLGB2 


(1) 


Distance  from  nozzle  throat  piano  to  nozzle  gimbal  point.  (Positive  sense 
from  nozzle  throat  plane  towards  nozzle  exit  plane.  ) (Figs.  1,  2) 


DV 


rlgb  lnz 


(2) 


1 


TVCG 


THRUST  VECTOR  CONTROL  GEOMETRY 


EQUATIONS  (Cont.  ): 

Distance  from  nozzle  gimbal  point  to  nozzle  exit  plane.  (Figs.  1,  2) 

Lgbext  Lnzdv  L°bth 


Nozzle  gimbal  envelope  half  angle  for  zero  gimbal  angle.  (Figs.  1. 
/°NZ 

*g32  = arctan  1-Tcrf  - 

2 \ gbext 


Nozzle  gimbal  envelope  half  angle.  (Figs.  1,  2) 
^GBj  = ^GB2  + dGB 


Distance  from  nozzle  gimbal  point  to  edge  of  nozzle  exit  cone.  (Figs. 


'GB 


EDGE 


NZ 


EXT 


+ L. 


GB 


EXT 


Diameter  of  gimballed  nozzle  envelope.  (Figs.  1,  2) 


GB 


= 2 L 


ENV 


GB 


sin 


EDGE 


340. 1-2 


TVGM1 

(3) 

2) 

(4) 

(5) 

1.  2) 

(6) 

(7) 


TVCG 


THRUST  VECTOR  CONTROL  GEOMETRY 


TVGM1 


FORWARD 

ft 


NOTE  THAT  lr«  HAS  A POSITIVE  VALUE 
°®TH 


Fig.  340.  i-2  Gimbal  Point  Aft  of  Nozzle  Throat 


340.  1-4 


TVCG 


THRUST  VECTOR  CONTROL  GEOMETRY 


TVGM1 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  directly  to  this  model  by  the  program  user.  If  a 
value  is  not  input,  the  preset  value  is  used. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Preset 

KRLGB1 

^LGBl 

Bias  for  RLGB  computation; 
N.  D. 

0 

KRLGB2 

KRLGB2 

Coefficient  for  RLGB  .computation; 
N.  D. 

0 

G BANGLE 

*GB 

Nozzle  gimbal  angle; 

deg  Figs.  1,  2 0 


INPUT  DATA,  INTER-MODEL: 


This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra -model  input. 


Mnemonic 


Symbol  Description;  Ext.  (Int.  ) Units  Model  Type 


DNZEXT 

LNZDV 

RAEXTTH 


D. 


NZ 


EXT 


SlZ 


DV 


NZ 


Nozzle  diameter; 

in  Figs.  1,  2 NOZZLEG 

Divergent  nozzle  section  length; 
in  Figs.  1,  2 NOZZLEG 

Nozzle  expansion  ratio  at  nozzle  exit  plane; 
N.  D.  NOZZLEG 


340.  1-5 


TVCG 


THRUST  VECTOR  CONTROL  GEOMETRY 


TVGM1 


OUTPUT  DATA: 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter  - 
model  input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


DGBENV 

GBENHA 

GBENHAZ 

LGBEDGE 

LGBEXT 

LGBTH 

RLGB 


D, 


GB 


ENV 


$ 


GB, 


7GB, 


JGB 


EDGE 


JGB 


EXT 


Lgbth 

rlgb 


Diameter  of  gimballed  nozzle  envelope; 
in  Figs.  1,  2 Eq.  7 

Nozzle  gimbal  envelope  half  angle; 

deg  Figs.  1,  2 Eq.  5 

Nozzle  gimbal  envelope  half  angle  for 
zero  gimbal  angle; 

deg  Figs.  1,  2 Eq.  4 

Distance  from  nozzle  gimbal  point  to  edge 
of  nozzle  exit  cone; 

in  Figs.  1,  2 Eq.  6 

Distance  from  nozzle  gimbal  point  to 
nozzle  exit  plane; 

in  Figs.  1,  2 Eq.  3 

Distance  from  nozzle  throat  plane  to  nozzle 
gimbal  point.  Measured  on  nozzle  centerline, 
positive  sense  from  nozzle  throat  plane 
towards  nozzle  exit  plane; 

in  Figs.  1,  2 Eq.  2 

Gimballed  nozzle  length  ratio.  Ratio  of 
LGBTH  to  LNZDV.  Positve  sign  indicates 
gimbal  point  is  aft  of  nozzle  throat  plane; 

N.  D.  Figs.  1,  2 Eq.  1 


k 


i 

A 


Nominally,  only  those  lines  with  an  asterisk  to  the  left  of  the  line  number  will  be 
printed.  By  input,  any  of  the  lines  given  below  may  be  printed  or  suppressed 
(see  the  section  on  output  models  for  the  details). 


TVCG 


THRUST  VECTOR  CONTROL  GEOMETRY 


TVGM1 


1 


1 


! 


5*  S' 


l 

o 


m 

s 


« w 


340. 1-7 


i 


TVCW 


THRUST  VECTOR  CONTROL  WEIGHT 


TVWM1 


350.  I 

MODEL  TYPE;  TVCW  (Thrust  Vector  Control  Weight 

MODEL  NAME:  TVWM1  (Gimballed  nozzle  or  integral  omnivector, 

statistical  scaling) 


i I 


DESCRIPTION: 


TVWM1  (Thrust  Vector  control  Weight  Model  number  1)  utilizes  a statistically 
derived  equation  to  determine  the  weight  of  a gimballe<3  nozzle  thrust  vector 
control  system.  In  addition,  a nozzle  weight  factor  is  determined  for 
assessing  the  required  nozzle  weight  penalty. 

(See  REMARKS  for  the  simulation  of  an  integral  omnivector  TVC  system.  ) 

The  subsystems  considered  within  the  TVC  system  weight  are: 

Actuators 

Hydraulic  pressurization  system 

Plumbing 

Valves 

Roll  control  system 

It  should  be  noted  that  since  the  TVC  weight  equation  is  based  upon  a purely 
statistical  analysis,  the  model  is  intended  for  usage  only  in  total  sizing  and 
optimization  studies.  This  model  cannot  be  used  for  subsystem  trade  off 
studies.  See  reference  8 for  a description  of  the  equations  and  statistical 
scaling  rationale. 

This  model  is  applicable  for  performance  parameters  within  the  following 
limits. 


■ i 


15  < NZHA  < 30  deg 

300  < PCHAVG  < 1000  PST  A 
5 < RAEXTTH  < 75 
30  < TBPPMT  < 140  sec 
500  < WPPMT  < 2,  000,  C00  lbs 

where  NZHA  and  RAEXTTH  are  associated  with  the  NOZ2LEG  model  type, 
PCHAVG  is  associated  with  the  IT3GAS  model  type,  TBPPMT  is  associated  with 
the  IBPERF  model  type,  and  WPPMT  is  associated  with  the  PR0PELW  model 
type. 


350.  1-1 


TVCW 


THRUST  VECTOR  CONTROL  WEIGHT 


TVWM1 


PROCEDURE: 


This  is  a two  entrance  model.  Up  on  the  first  entrance  to  TVWM1,  the  nozzle 
weight  penalty  factor  is  evaluated.  The  model  specified  for  the  NOZfZLEW 
model  type  is  then  executed  to  determine  the  nozzle  weight. 

TVWM1  is  then  entered  for  the  second  time,  the  TVC  system  weight  is 
evaluated  as  a function  of  the  nozzle  weight,  and  the  TVC  system  weight 
breakdown  is  determined. 


EQUATIONS  (FIRST  ENTRANCE): 
TVC  nozzle  weight  penalty  factor. 


K 


C1  KTVNZ1 


TV. 


NZ 


IsJ2 


+ K 


TVNZ2 


EQUATIONS  (SECOND  ENTRANCE): 

Total  thrust  vector  control  weight. 

WTV  = KWTV  C3  (WNz) 

Total  non-expended  thrust  vector  control  weight  component. 


W 


TV 


= W 


NX 


TV 


Total  expended  thrust  vector  control  weight  component. 

wTV  = 0. 

1 X 


(1) 

ic) 

(3) 

<4) 


350. 1-2 


TVCW 


THRUST  VECTOR  CONTROL  WEIGHT 


TVWM1 


EQUATIONS  (SECOND  ENTRANCE)  (font. ); 

Expended  (non-thrust  producing)  thrust  vector  control  weight  component. 


Expended  (thrust  producing  ) thrust  vector  control  weight  component. 


INPUT  DATA,  INTRA-MODEL; 

The  following  data  is  input  directly  to  this  model  by  the  program  user.  If  a 
value  is  not  input,  the  preset  value  is  used. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


Preset 


CTVWl 


CTVW2 


Constant  for  KTVNZ  computation; 
N.  D. 

Constant  for  KTVNZ  computation; 
N.  D. 


0.  116 


CTVW3 


CTVW4 


KTVNZ l 


KTVNZ2 


"TVNZ1 


vTVNZ2 


Constant  for  WNZ  computation; 
N.  D. 

Constant  for  WNZ  computation; 
N.  D. 


0.  604 


Coefficient  for  KTVNZ  computation; 
N.  D.  1 

Coefficient  for  KTVNZ  computation; 
N.  D.  C 


KWTV 


kWTV 


Coefficient  for  WTV  computation; 
N.  D. 


INPUT  DATA,  INTER-MODEL: 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  te  input  directly  with  the  intra -model  input. 


350.  1-3 


TVCW 


THRUST  VECTOR  CONTROL  WEIGHT 


TVWM1 


INPUT  DATA,  INTER-MODEL: 


Mnemonic 


RAEXTTH 


WNZ 


Symbol 

*NZ 


W 


NZ 


Description;  Ext.  (Int. ) Units  Model  Type 

Nozzle  expansion  ratio  at  nozzle  exit  plane; 

N.  D.  NOZZLEG 

Total  nozzle  weight.  Includes  weight  penalty 
due  to  TVC  requirements; 

lb  NOZZLE  W 


OUTPUT  DATA; 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
rnodel  input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic 


KTVNZ 


Symbol 
K. 


‘TV 


NZ 


Description;  Ext.  (Int.  ) Units 

Coefficient  used  by  the  nozzle  weight  model 
to  assess  a nozzle  weight  penalty  to  satisfy 
TVC  system  requirements; 

N.  D.  Eq.  1 


WTV 


WTVNX 


WTVX 


WTVXI 


WTV  XT 


W 


TV 


W 


TV 


NX 


W 


TV, 


W 


TV 


XI 


w 


TV 


XT 


Total  thrust  vector  control  weight; 
lb  Eq.  2 

Total  non-expended  thrust  vector  control 
weight  component; 

lb  Eq.  3 

Total  expended  thrust  vector  control  weight 
component; 

lb  Eq.  4 

Expended  (non-thrust  producing)  thrust 
vector  control  weight  component; 

lb  Eq.  5 

Expended  (thrust  producing)  thrust  vector 
control  weight  component; 

lb  Eq.  6 
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TVCW  THRUST  VECTOR  CONTROL  WEIGHT  TVWM1 

REMARKS: 

This  model  is  applicable  for  simulating  an  integral  omnivector  TVC  system 
by  inputting  the  following  coefficients  for  the  nozzle  weight  penalty  factor. 

KTVNZ1  = 0 

KTVNZ2  =1.05 


350.  1 -5 

\ 

t 1 

» 

L 


VEHG 


VEHICLE  GEOMETRY 


VHGM1 


360.  1 


MODEL  TYPE:  VEHG  (VEHicle  Geometry) 

MODEL  NAME:  VHCM1  (Single  Propulsion  System  and 

Payload  Section) 

DESCRIPTION: 

VHGM1  (VeHicle  Geometry  Model  number  1.)  evaluates  the  geometry  for  a 
vehicle  comprised  of  a single  piopulsion  system  and  a single  payload  section. 
See  figure  1 for  an  illustration  of  the  geometry  for  a typical  vehicle  comprised 
of  three  stages,  a payload  and  a shroud. 


PROCEDURE: 

Prior  to  entering  VHGM1  all  of  the  major  vehicle  subsystems  have  been 
sized  and  the  models  specified  for  the  PROSYSG  and  PAYSECG  model  types 
have  determined  the  pertinent  propulsion  system  and  payload  section  geometry. 

VHGM1  is  then  executed  and  the  vehicle  geometry  evaluated. 

After  VHGMl  is  executed,  the  vehicle  weight  breakdown  is  evaluated  by  the 
model  specified  for  the  VEHW  model  type.  The  vehicle  has  then  been 
completely  sized.  However,  another  pass  will  be  made  through  all  of  the 
models  to  evaluate  length  and  weight  fractions  dependent  upon  total  vehicle 
geometry  and  weight  c^i antities. 


EQUATIONS: 

Total  vehicle  length.  Figure  1. 
LVH  = LPS  + LPL 


(1) 


VEHG 


VEHICLE  GEOMETRY 


VHGM1 


Fig.  360.  1-1  Vehicle  Geometry 
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VEHC 


VEHICLE  GEOMETRY  VHGM1 


INPUT  DATA,  INTRA-MODEL: 

The  following  data  is  input  to  this  model  directly  by  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 

Mnemonic  Symbol  Description;  Ext,  (Int.  ) Units  Preset 


None 


INPUT  DATA,  INTER-MODEL: 


This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 


Symbol  Description;  Ext.  (Int.  ) Units Model  Type 


LPL 

LPS 


L 


PS 


Total  payload  section  length; 
in  Fig.  1 PAYSECG 

Total  propulsion  system  length; 
in  Fig.  1 PROSYSG 


OUTPUT  DATA: 


The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model input  to  other  models  and  to  print,  plot,  and  optimization  routines. 


Mnemonic  Symbol 


Description;  Ext.  (Int.  ) Units 


LVH 


LVH 


Total  vehicle  length; 
in  Fig.  1 


Eq.  1 
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370.  1 


MODEL  TYPE:  VEHW  (VEHicIe  Weight) 


MODEL  NAME:  VHWM1  (Single  Propulsion  system  and 

" “ “ payload  section.  ) 

DESCRIPTION: 

VHWM1  (VeHicle  Weight  Model  number  is  a weight  synthesis  model  which 
evaluates  the  vehicle  weight  breakdown  and  mass  fractions  for  a vehicle 
having  a s ngle  propulsion  system  and  a single  payload  section.  The  vehicle 
weight  is  comprised  of  the  following  subsystems: 

Propulsion  S/stem 

Payload  Section 


PROCEDURE: 


Prior  to  entering  VHWM1,  the  models  specified  for  the  PROSYSW  and 
PAYSECW  model  type  hav<;  evaluated  the  propulsion  system  and  payload 
section  weights.  In  addition  to  evaluating  subcomponent  weights  peculiar 
to  their  particular  requirements,  they  have  defined  a set  of  component 
weights  in  terms  of  expended  or  non-expended  attributes. 

VHWM1  then  uses  these  expended  and  non-expended , propulsion  system  and 
payload  section,  weight  components  to  determine  the  vehicle  weight 
breakdown.  In  addition,  the  vehicle  growth  factor  is  evaluated. 

After  VHWM1  is  executed,  the  vehicle  has  been  completely  sized.  However, 
another  pass  will  be  made  through  all  of  the  models  to  evaluate  subsystem 
weight  fractions  dependent  upon  the  vehicle  weight  breakdown. 


EQUATIONS: 


Total  vehicle  weight. 

WVH  * KWVH  (WPS  + WPL)  <» 
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VEHW 


VEHICLE  WEIGHT 


VHWMl 


1 


EQUATIONS  (Cont.  ): 

Total  non-expended  vehicle  weight  component. 

WyHNX  * kwvhnx(wpsnx  + wplnx) 

Total  expended  vehicle  weight  component. 

WvHX  = KWVHX(WPSX  + WPLX) 

Expended  (non-thrust  producing)  vehicle  weight  component. 
WVHXi  = KWVHXI  (WPSxi  + WPLXI) 

Expended  (thrust  producing)  vehicle  weight  component. 

wvnxl  = kwvhxt  (wpsxt  + wplxt) 


Total  propellent  weight  associated  with  the  vehicle. 


W 


PP 


= W 


VH 


PP 


PS 


Vehicle  growth  factor. 

W, 

K, 


'VH 


VH 


GF 


PA 


(2) 

(3) 

(4) 

(5) 

(6) 

(7) 


• 4 

*»  b 


INPUT  DATA,  INTRA -MODEL: 

The  following  data  is  input  to  this  model  directly  oy  the  program  user.  If 
a value  is  not  input,  the  preset  value  is  used. 


Mnemonic 

Symbol 

Description;  Ext.  (Int.  ) Units 

Preset 

KWVH 

KWVH 

Coefficient  for  WVH  computation; 
N.  D. 

1 
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VEHICLE  WEIGHT 


VHWM1 


INPUT  DATA,  INTR A-MODEL  (Cont.  ): 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units 


Preset 


KWVHNX 


KWVHX 


KWVHXI 


KWVHXT 


K 


WVHNX 


K 


K 


K 


WVHX 


WVHXI 


WVHXT 


Coefficient  for  WVHNX  computation; 
N.  D. 

Coefficient  for  WVHX  computation; 
N.  D. 

Coefficient  for  WVHXI  computation; 
N.  D. 

Coefficient  for  WVHXT  computation; 
N,  D. 


INPUT  DATA,  INTER-MODEL: 

This  model  requires  as  input  certain  data  which  is  usually  output  from  a 
model  of  the  specified  model  type.  If  the  user  has  not  specified  such  a 
source  for  this  data,  then  it  must  be  input  directly  with  the  intra-model  input. 


Mnemonic 


Symbol 


Description;  Ext.  (Int.  ) Units Model  Type 


WPA 


W 


PA 


Total  payload  weight; 
lb 


PAY  LODW 


WPL 


WPLN'X 


WPLX 


W 


w 


w 


PL 


PL 


NX 


PL, 


Total  payload  section  weight; 

‘b  PAYSECW 

Total  non-expendeo  payload  section  weight 
component; 

lb  PAYSECW 

Total  expended  payload  section  weight 
component; 


lb 


PAYSECW 
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INPUT  DATA,  INTER-MODEL  (Cont.  ): 


Mnemonic 

WPLXI 

WPLXT 

WPPPS 

WPS 

WPSNX 

WPSX 

WPSXI 

WPSXT 


Symbol 
W, 


PL 


XI 


W 


PL 


XT 


W 


PP 


PS 


WPS 


w 


PS 


NX 


w 


PS, 


w 


PS 


XI 


w 


PSXT 


Description;  Ext.  (Int.  ) Units  Model  Type 

Expended  (non-thrust  producing)  payload 
section  weight  component; 

lb  PAYSECW 

Expended  (thrust  producing)  payload  section 
weight  component; 

lb  PAYSECW 

Weight  of  propellent  associated  with  the 
propulsion  system; 

ib  PROSYSW 

Total  propulsion  system  weight; 
lb  PROSYSW 

Total  non-expended  propulsion  system 
weight  component; 

lb  PROSYSW 

Total  expended  propulsion  system 
weight  component; 

lb  PROSYSW 

Expended  (non-thrust  producing)  propulsion 
system  weight  component; 

lb  PROSYSW 

Expended  (thrust  producing)  propulsion 
system  weight  component; 

lb  PROSYSW 


OUTPUT  DATA: 

The  following  data  is  output  from  this  model.  It  is  available  for  use  as  inter- 
model '.nput  to  other  models  and  to  print,  plot,  and  optimization  routines. 
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VEHW 


VEHICLE  WEIGHT 


VHWMI 


OUTPUT  DATA  (Cont.  ): 


Mnemonic 

KVHGF 

WPPVH 


Symbol 
K, 


VH 


GF 


W 


PP 


VH 


W VH 
WVHNX 
WVHX 
WVHXI 

WVHXT 


W 


VH 


W 


VH 


NX 


W 


VH, 


W 


VH 


XI 


W 


VH 


XT 


Description;  Ext.  (Tnt.  ) Units 


Vehicle  growth  factor.  Rat'o  of  total  vehicle 
weight  to  payload  weight; 

N.  D.  Eq.  7 

Total  propellent  weight  associated  with  the 
vehicle; 

lb  Eq.  6 

Total  vehicle  weight; 

lb  Eq.  1 

Total  non-expended  vehicle  weight  component; 
lb  Eq.  2 

Total  expended  vehicle  weight  component; 
lb  Eq.  3 

Expended  (non-thrust  producing)  vehicle 
weight  component; 

lb  Eq.  4 

Expended  (thrust  producing)  vehicle  weight 
component; 

lb  Eq.  5 
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